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The Pleistocene Antelope, Stockoceros 
conklingi, from San Josecito Cave, Mexico 


INTRODUCTION 


Excavations in the Pleistocene deposits of San Josecito Cave, in southern 
Nuevo Leon, Mexico, have been carried on by Dr. Chester Stock and his as- 
sociates of the California Institute of Technology during the past few years. 
Studies relating to the fossil mammals and birds found in this deposit are now 
in progress. The antilocaprid specimens, abundant in the collection, have 
been assigned to the writer for special investigation. 

In an examination of the cave material it has been possible to record data on 
the growth changes in the horn cores, as well as on the variability of other 
structural parts. Because of their abundance and good preservation, the 
antelope remains have likewise given opportunity to prepare a mounted skele- 
ton—the first to be made of Stockoceros. On the basis of the mount, a life-size 
restoration has been made by Mr. William Otto. 

I desire to express my thanks to Dr. Childs Frick for his sustaining interest 
in the research on fossil antilocaprids, and to Dr. John C. Merriam for support 
in bringing this contribution to completion. 


Tetrameryx (Stockoceros) conklingi Stock 
Syn.—Tetrameryx onusrosagris Roosevelt and Burden. 
Historical Review 


Tetrameryx shuleri was first described by R. S. Lull in 1921. This extinct species 
of antelope from the Pleistocene deposits of the Dallas sand pits of Texas is known 
on the basis of the horn cores of one side, and the maxillary with premolar and molar 
teeth. Nine years later Stock (1930) described T.? conklingi from the Quaternary 
of Shelter Cave, New Mexico, referring the species tentatively to Lull’s genus. The 
skull material on which this species was based represents a young animal, and a 
similar stage of development is indicated by a second horn core figured in Stock’s 
paper. In a later paper, additional material of this antelope was described by Stock 
(1932), who referred the species definitely to Tetrameryx. 

Roosevelt and Burden in 1934 described the species T. onusrosagris from the 
Pleistocene of the Papago Spring Cave, Arizona, distinguishing it from the New 
Mexican T. conklingi by the larger size of the horn core. Frick (1937) in his large 
work on the fossil horned ruminants of America relegated both T. conklingi and 
T. onusrosagris to the subgenus Stockoceros. Two years later Colbert and Chaffee 
(1939) published a more comprehensive and detailed account of the Tetrameryx 
remains from Papago Spring Cave. In this report they continue to recognize T. 
onusrosagris as specifically distinct from T. conklingi, not only because of larger size 
but also because of the more divergent horn cores of the former. No mention is made 
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of a type of horn core from this locality like that seen in T. shuleri, that is, with the 
posterior core decidedly longer than the anterior. As a matter of fact, the only 
horn core which is apparently somewhat comparable in this character with that of 
T. shuleri is seen in the species T. ivingtonensis, described by R. A. Stirton (1939) 
from early Pleistocene deposits near Irvington, Alameda County, California. 

Thus far, with the exception of the Arizona cave locality, no site has furnished 
sufficient material of the fossil antilocaprid Tetrameryx to permit a study of the 
growth changes in the horn cores. The collection from San Josecito Cave makes this 
kind of study possible, and the present paper attempts to review the changes in the 
horn cores and in certain skeletal parts. At least 50 individuals are represented by 
skulls or skull parts from the deposits of San Josecito. Limb bones are even more 
abundant’ because of their compact structure. 


Growth Stages in Horn Cores 


Differences due to age are readily discernible in the horn cores, in the dentition, 
and in skeletal parts. Those due to sex are less apparent. 

Uulizing not only material from San Josecito Cave, but also specimens from 
Shelter Cave, New Mexico, and Papago Spring Cave, Arizona, the following sequen- 
tial stages in the development of horn cores can be demonstrated: 

C.1.T. no. 3013 (pl. 1, figs. 1, 14). Dorsal part of skull with left orbit, maxillaries 
with teeth, and left ramus with teeth. Milk dentition, open sutures, and small growth 
of horn core indicate immature individual not more than a year old. 

L.A.M. no. 174 (pl. 1, figs. 2, 22). Type of Tetrameryx conklingi, from Shelter 
Cave, New Mexico. Cranial part of skull with horn cores and orbits. Age of this 
individual approximately 2 years. 

C.I.T. no. 3165 (pl. 1, fig. 4). Fragment of frontal with right horn core and inter- 
dorsal part of orbit. This individual is more mature than no. 3013. 

L.A.M. no. 208 (pl. 1, fig. 5). Fragment of frontal with left horn core and 
posterodorsal part of orbit. This individual from Shelter Cave, New Mexico, ap- 
proximates in age no. 3165. 

C.I.T. no. 3166. Fragment of right frontal with horn core and dorsal part of 
orbit. Comparable in size and age with L.A.M. no. 174. 

C.LLT. no. 3005 (pl. 1, figs. 3, 3@). Fairly complete skull of a young adult. 
Occipital sutures not fused. 

C.1.T. nos. 3004, 3164 (pl. 2, figs. 1, 14, 2, 2a). Adult skulls. 

C.1.T. nos. 2928, 3006, 3007, 3009, 3010 (pl. 3). Crania of older individuals than 
those represented by skulls listed above. 

F.A.M. no. 42539 (pl. 2, figs. 3, 3a). Large part of skull of T. onusrosagris 
Roosevelt and Burden. Comparison of this skull with the old adult specimens listed 
above from San Josecito Cave shows no specific distinction between the former and 
the latter. On the contrary, a review of the present series demonstrates a gradation 
from the type of horn core found in the young to those with more divergent tines 
found in older animals. Thus there appears to be no valid reason for regarding 
T. conklingi and T. onusrosagris as specifically distinct. 

A persistent absence of the type of horn core characteristic of Tetrameryx shuleri 
in the collections from Shelter Cave and San Josecito Cave, and apparently also in 
the collection from the Papago Spring Cave, where only horn cores with tines of 
subequal length are found, makes it reasonable to assume that Stockoceros is at least 
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subgenerically distinct from Tetrameryx. Still larger collections than those now 
available may demonstrate an occasional variant core like that in T. shuleri. On the 
other hand, it does not appear justifiable to regard this kind of horn core as a sport, 
for a similar structure occurs in T. irvingtonensis. An interesting parallelism with 
the appearance of the horn core in Stockoceros is seen in the living antelopine form . 
Tetraceros quadricornis of India. 


Attitude and Degree of Bifurcation of Horn Core 


The attitude of the horn cores in relation to the sagittal plane changes with age. 
In young individuals the horn cores are erect, but as age increases they tilt outward 
from the sagittal plane, and this inclination becomes more pronounced in older 
forms. The position and shape of the tines also undergo change with age (pl. 3, 
figs. 1, 3a). In young animals the front tine is somewhat heavier than the hind 
one, but is in anteroposterior alignment with it. This position changes with frontal 
growth, and the anterior tine takes on greater inclination than the rear tine. 

With an advance in growth and height of the horn-core pedicel, the broad 
U-shaped saddle between the tines in fawns changes to a more sharply V-shaped 
notch in adults. This feature is variable and is apparently due to an anteroposterior 
thickening of the basal parts of the tines and a spreading of the distal ends with 
continued growth. 

The pedicel is relatively thin in youth, thickens anteriorly with growth of the 
front tine above the anterodorsal orbital rim, and remains relatively thin and flat 
at the base of the rear tine above the dorsoposterior rim of the orbit. The flat surface 
extends dorsally into the rear tine and produces the oblate section of the rear tine, the 
anterior tine remaining round or oval in cross section. 

The texture of the bone in the horn cores changes little in surface density with 
age, and remains spongy at the tip as in Antilocapra americana. 


Rami 


Left rami represent more than 80 individuals, and the large number of detached 
teeth of both the right and left sides of the jaw gives evidence of disintegration of 
many specimens. The enamel pattern in individual lower teeth is remarkably uni- 
form throughout the series of specimens. An index of the relative growth of the jaw 
in T. conklingi is expressed by the proportion, length of cheek-tooth row to length 
of diastema between I, and P,. 

In 28 adult rami the average length, P, to M;, is 64.0 mm.; the average length of 
the diastema between I, and P, is 55.6 mm. It would appear that the average length 
of the diastema is approximately 10 mm. less than that of the cheek-tooth row. This 
relation varies, however, with the age of the individual. In older individuals the 
length of the diastema tends to equal that of the cheek-tooth row. In some speci- 
mens the measurements are equal; rarely, the length of the diastema exceeds by a 
millimeter or two that of the cheek-tooth row. 

The average depth of the jaw as measured from the margin of the middle alveolus 
of M, to the ventral border of the mandible, based on 24 specimens, is 25.7 mm.; 
maximum 29.0 mm., minimum 22.5 mm. 

Twelve rami have deciduous teeth or their alveoli. In the youngest, the length 

of the tooth row as measured on the margins of the alveoli does not exceed 49.0 mm. 
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In specimens which approach maturity or in which p, is about to be shed, the length 
of the tooth row does not exceed 70.1 mm., and the length of the diastema does not 
exceed 56.0 mm. | 


Limb Elements 


Appendicular parts of the skeleton show variations due to age. Since the metacar- 
pals are among the most abundant elements in the collection and represent at least 
161 individuals, they furnish excellent information as to range in size within a 
single species. | 

A series of 92 adult metacarpals range in length from a minimum of 150.0 to a 
maximum of 202.0 mm. In this series the most apparent break lies between a speci- 
men 163.0 mm. long and one 169.0 mm. long. The shorter bones belong to young 
individuals, although in these the epiphyses are not separated from the shafts. In 
18 metacarpals belonging to fawns, the distal epiphyses are absent. Of these, the 
longest is 168.0 mm., the shortest range from 99.5 to 137.0 mm. The proximal 
articular ends are always present except in the very young, where the fusion of the 
third and fourth metapodials is not complete. In specimens of minimum length the 
shafts of the third and fourth metacarpals are separate throughout the entire median 
line of contact. 

Because of their compact structure, the astragali are among the most resistant ele- 
ments in the skeleton and therefore the most numerous in the collection. Astragali 
of the right pes number 174. These specimens show only minor differences in size 
and proportions. The calcaneum is represented by 136 specimens of the left pes. In 
this series the length varies from 70 to 85 mm. 


Mounted Skeleton 


The skeleton shown in plate 5, figure 1 is the first mounted specimen of Stockoceros 
conklingi. The comparative measurements of this animal are given below. The 
vertebral formula is 7-13-6-4-9. Occasionally the last lumbar vertebra is joined at the 
side and by the neural spine with the first sacral vertebra. In general, the appearance 
of the skeleton is like that of the modern pronghorn, but the limbs are slightly 
heavier, the lower segments of the limbs shorter, and the ungual phalanges relatively 
stouter. The restoration of this animal by William Otto, shown in plate 5, figure 2, 
shows a similarity to the existing pronghorn, but although Szockoceros is approxi- 
mately as long as the latter, its height is distinctly less. More obvious differences 
between the two are seen of course in the horn cores. 


Comparative measurements (in millimeters) of skeleton 


Stockoceros Antilocapra 
conklingi americana 
C.I.T. no. 3227 L.A.M. no. M803 
ci ahtameasnnedstonto pRorNOlnkCole ahah nnn  sti ane 1075 1270 
Height measured to top of occipital part of skull.......... 986 1143 
Shoulder height measured to top of scapula............... 755 QIo 
Height measured to top of neural spine of third thoracic 
VERTED Ea ohne eer ne aeRO iste etre ener ane Roe eee 778 945 
lei gitar ecasunedetonto pxolchestio fell itna tee 782 880 


Length from tip of premaxillary to end of tail (projected 
on ‘avhorizontalilline) eke Varin ee Ee eee 1142 1150 
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Tetrameryx (Stockoceros) conklingi Stock 


Horn cores of young or youthful animals. Figs. 1, 1a, Calif. Inst. Tech. Vert. Pale. 
Coll. no. 3013; figs. 2, 2a, Los Angeles Mus. Coll. no. 174, type specimen; figs. 3, 32, 
C.1.T. no. 3005; fig. 4, C.1.T. no. 3165; fig. 5, L.A.M. no. 208. Outer and dorsal views; 
all figures X 0.35. C.I.T. specimens from San Josecito Cave, Mexico. L.A.M. specimens 
from Shelter Cave, New Mexico. 
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Tetrameryx (Stockoceros) conklingi Stock 


Horn cores of young adult or adult specimens. Figs. 1, 1a, C.1.T. no. 3004; figs. 2, 2a, 
C.1.T. no. 3166; figs. 3, 3a, Frick: Amer. Mus. no. 42539. Outer and dorsal views; all 
figures approx. X 0.25 C.I.T. specimens from San Josecito Cave, Mexico; F.A.M. 
specimen from Papago Spring Cave, Arizona. ; 
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Tetrameryx (Stockoceros) conklingi Stock 


Horn cores of mature individuals, showing variations in bifurcation and attitude. 
IMIBS, fly BA CILILG DO, 2OBBS WE By 2% (CIGINS fe BOOWH whee 3, aA (OWLIDG ivory Zyoin 
Outer and dorsal views; all figures approx. X 0.25 San Josecito Cave, Mexico. 
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Tetrameryx (Stockoceros) conklingi Stock 


Fig. 1, series of metacarpals representing stages of development from young to adult; 
fig. 2, similar series of rami. All figures X 0.35. San Josecito Cave, Mexico. 
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Tetrameryx (Stockoceros) conklingi Stock 


Fig. 1, mounted skeleton of mature individual as seen from left side, C.I.T. no. 3227; 
X approximately 0.08. Fig. 2, restoration by William Otto, based on skeleton shown in 
figure 1. San Josecito Cave, Mexico. 
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A New Genus of American Pliocene Badger, 
With Remarks on the Relationships of Badgers 
of the Northern Hemisphere 


INTRODUCTION 


Through the kindness and scientific interest of Mr. Albert L. Brown, of 
Burns, Oregon, Dr. Chester Stock, of the California Institute of Technology, 
has been granted the loan of a fossil skull of a badger. The specimen was 
found by Mr. Brown in Tertiary deposits exposed on Stinking Water Creek in 
northeastern Harney County, Oregon. Fossil remains of mammals were collected 
in this: general area in 1931 by E. L. Furlong, E. R. Inglee, and C. Stock. 
R. W. Wilson (1937) gave a list of the rodents in this collection. These and 
other kinds of mammals comprise a fauna seemingly more closely related to 
that from the Thousand Creek beds in northern Nevada, which are Middle 
_ Pliocene, than to any other fauna yet known. 

The badger skull, which Dr. Stock has generously permitted the writer to 
study, is by far the best American Tertiary material of its group so far found. 
Fortunately it retains most of the dentition in an excellent state of preservation. 
The specimen has special significance because it sheds light on the generic status 
of Taxidea nevadensis, described by Butterworth from the Thousand Creek 
Pliocene, and makes possible for the first time a satisfactory comparison of the 
skull of the Pliocene badger of America with the skulls of Parataxidea, de- 
scribed by Zdansky from the later Tertiary of China. The skull from Oregon 
is clearly quite distinct from that of Parataxidea, the modern Taxidea, or any 
other named genus. This badger from the North American Pliocene is there- 
fore recognized under the following generic name: 


PLIOTAXIDEA, new genus 


Genotype. Taxidea nevadensis Butterworth, Univ. Calif. Publ., Bull. Dept. Geol., 
vol. 10, p. 21, October 3, 1916. Middle Pliocene, Thousand Creek beds, Nevada. 

Diagnosis. Skull with basilar length of about 65 mm., therefore a third to a half 
shorter than in Taxidea; cranium evenly convex dorsally and deepest at anterior end 
of parietals; facial angle steep, and dorsal outline of rostrum concave (“dish-faced”’); 
tympanic bullae highly inflated, the length of one amounting to more than the length 
of upper tooth row (canine to molar inclusive); least distance between tympanic 
bullae less than length of P? and P*; paroccipital process flattened and closely applied 
to tympanic bulla; hamular processes of pterygoids fused with, or touching, tympanic 
bullae; palate ending behind upper molars; dental formula, 3,7+2,4; premolars not 
overlapping; P* with well developed parastyle and well developed accessory cusp 
(hypocone) behind protocone; M? triangular in outline, with cusps arranged in rows 


II 
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transverse to long axis of skull; in M, trigonid a third longer than talonid, metaconid 
large, hypoconid and entoconid large, talonid cuspidate and not basined. 

Remarks. The type specimen of Taxidea nevadensis Butterworth, from the Middle 
Pliocene of Thousand Creek, Nevada, consists of the four posterior teeth of the right 
lower jaw, with nondiagnostic parts of supporting bone (see pl. 2). The last three 
teeth are well preserved. In the specimen from Oregon, the corresponding teeth of 
the left lower jaw are present and in addition the second premolar, but M, and the 
talonid of M, are broken. As a result, comparison of these parts is not wholly satis- 
factory. Even so, it is ascertainable that the size and proportions of the talonid of 
M,, and its size relative to the trigonid, are almost, and perhaps exactly, the same as 
in the type specimen of T. nevadensis. The undamaged teeth, namely P;, P,, and 
the anterior part of the trigonid of M,, resemble those of the type specimen in all 
features judged to be of systematic worth. The resemblances mentioned above con- 
stitute the basis for regarding the skull from Oregon as conspecific with Taxidea 
nevadensis Butterworth. 

The combined fossil material was relied upon in drawing up the diagnosis above. 
Pliotaxidea is judged to bear closer relationship to Taxidea than to any other genus. 
To offer sound opinion on the closeness of this relationship, as judged by the mor- 
phological similarities and dissimilarities of the two genera, it is necessary to recog- 
nize and exclude variations of nongeneric and nonspecific significance. Information 
of this kind is available for the genus Taxidea. Of it, at most two species are known. 
One is T. mexicana, known from a single find in deposits thought to be of Middle 
Pliocene age in Chihuahua, Mexico. The other species is Taxidea taxus. It is con- 
fined to North America, and in Recent time ranges from the eastern margin of the 
Great Plains westward to the Pacific coast, and in a north-and-south direction from 
within the southern part of western Canada well onto the tableland of Mexico (for 
more precise data on range see Hall, 1936, pp. 77-83). In this area of western North 
America five geographic races (subspecies) are recognized. All the fossil records 
fall within the geographic area mentioned as inhabited by the species in Recent time, 
except one. It is from the Pleistocene of Maryland, and was made the basis of the 
name Taxidea marylandica Gidley and Gazin. Two other names, Taxidea sulcata 
Cope and Taxidea robusta Hay, were based on remains from deposits of Pleistocene 
age, but, as previously noted (Hall, op. cit., pp. 79-82), the remains of all three are 
to the writer indistinguishable from those of living subspecies of the Recent Taxidea 
taxus, of which the names based on Pleistocene fossils are arranged as synonyms. 

Variation in size between the five Recent subspecies is considerable, individuals of 
the southern subspecies being the smallest. For example, the skull of an adult of 
Taxidea taxus sonoriensis from Mexico, of a size that is average for the subspecies, is 
by actual weight hardly two-thirds as heavy as that of an individual of Taxidea taxus 
taxus that is average in size for this subspecies in Alberta, Canada. Also, there is 
variation in size between the sexes. Linear measurements of a series of equal age of 
each sex from Elko County, Nevada, reveal that females are smaller by 10 per cent 
in external dimensions, 8 per cent in the skull, and 3 per cent in the teeth. Super- 
imposed on these variations is the individual variation found among animals of the 
same age, sex, and geographic origin. In 20 males from a limited area in Nevada, 
variations in linear measurements of the three largest teeth (P*, M', and M,) range 
from 13 to 23 per cent. When one considers, in addition, the changes in bones which 
result from growth with increasing age of the individual, the quantitative variations 
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within the species Taxidea taxus are seen to be relatively great. Nor is this all, for 
qualitative differences of an amazing sort are found even within a population of 
one subspecies. To illustrate: of cusps on the talonid of M, there may be 2, 3, 4, or 
5. Figure 3 of plate 2 shows an individual with 4 cusps. Among 20 individuals of 
the same subspecies from Nevada, the entoconid and hypoconid are present in every 
specimen. Cusp 1 (see fig. 1) is present in 5 individuals, cusp 2 in 11, and cusp 3 
in g individuals. Comparable variation exists in P* and M’. This kind of variation 
is appropriately used in most other groups of Carnivora in differentiating between 
full species and genera. It will be evident, therefore, that the student must exercise 
unusual caution in designating as of specific or generic worth the morphological dif- 
ferences that he detects between the skull and teeth of one badger and the correspond- 
ing parts of other individuals. Geographic variation within a single species, plus 
sexual dimorphism and great range of individual variation, may account for many 
morphological differences. 

With due regard to this need for careful discrimination, the following cranial and 
dental features are employed as probably of systematic worth in differentiating 


External 


So Net 3 1 


\ gS) .---.. hypoconid 


Anterior 


3e0KRa6 entoconid 


Fic. 1. Diagrammatic view of occlusal face of first right lower molar of Taxidea, to 
show cones which may be present on the talonid. X 2. 


Pliotaxidea nevadensis from Taxidea taxus: skull of the former about two-fifths 
smaller in most linear dimensions; tympanic bullae actually about same size, there- 
fore relatively larger (see fig. 2a, &); rostrum, in relation to remainder of skull, 
smaller; brain case, in relation to length of skull, deeper and more convex dorsally 
in longitudinal axis; P* with well developed parastyle (ordinarily lacking and never 
so well developed in Taxidea); M, with talonid longer in relation to trigonid, and 
with trigonid transversely wider in relation to its length (see pl. 2, figs. 2, 2, 3); 
anterior teeth about half (in linear measurements) as large, but increasing in size 
posteriorly to a point where the last upper molar is only a tenth smaller. More precise 
data on the relative sizes of the teeth in the two genera as derived from measurements 
of a male Taxidea taxus (Univ. Calif. Mus. Vert. Zool. no. 37332, from Gondolfo 
Ranch, Lander County, Nevada) and the specimen of Pliotaxidea from Oregon are 
as follows: in the latter, the anteroposterior extent of I° is 46 per cent of that in 
lemdea wnsnse (CO es ose Cente; 12, OA jose Gents 1, (Os) jose Come IPS CH jose Gente 
M?, 90 per cent. A similar tendency to more nearly equal size of the back teeth is 
revealed in the lower jaw. 

Many other differences between the specimens of Pliotaxidea and Taxidea are 
apparent, but in view of what has been stated with reference to the tremendous range 
of individual variation in the Recent species, it seems unwise to emphasize these addi- 
tional differences; they may not be of systematic significance. Those regarded as of 
systematic worth are mentioned in the paragraph immediately preceding. 
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c, d, Old World badgers. X ¥Y. 

a. Taxidea taxus (Schreber), Recent, sex?, Calif. Inst. Tech. no. O-45, from Oregon. 

b. Pliotaxidea nevadensis (Butterworth), Pliocene, from Stinking Water Creek, north- 
eastern part of Harney County, Oregon. 

c. Meles meles Linnaeus, Recent, Univ. Calif. Mus. Vert. Zool. no. 34265, from Mas 
Grenier, Tarn-et-Garonne, France. 

d. Parataxidea sinensis Zdansky, Pliocene?, from Shansi Province, China. Modified from 
Zdansky (1924, pl. 10, fig. 6). 


Pliotaxidea nevadensis (Butterworth) 
(Plate 1; plate 2, figures 2, 4, 5, 7, 9; text figure 2d) 


Taxidea nevadensis Butterworth, Univ. Calif. Publ., Bull. Dept. Geol., vol. 10, pp. 21-24, 
fig. 1, October 3, 1916. } 

[Parataxidea| nevadensis, Zdansky, Palaeontologia Sinica, ser. C, vol. 2, fasc. 1, p. 52, 1924. 

Taxidea, Stirton, Amer. Jour. Sci., ser. 5, vol. 32, p. 171, 1936. Hesse, Univ. Calif. Publ., 
Bull. Dept. Geol. Sci., vol. 24, p. 61, 1936. 


Type. Fragment of right lower mandible bearing P,, M,, M., and part of P3, 
Univ. Calif. Mus. Paleontology no. 22290 (pl. 2, figs. 2, 24, 2b); from Thousand Creek 
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Pliocene, northern Nevada, Univ. Calif. Mus. Pal. locality 2744; obtained in summer 
of 1915. 

Referred material. Skull and left lower cheek teeth (pl. 1; text fig. 2d) from 
Pliocene beds, Stinking Water Creek, northeastern Harney County, Oregon; obtained 
by Albert L. Brown. 

Left P* lacking part of hypocone, Univ. Calif. Mus. Pal. no. 27130 (pl. 2, fig. 4); 
from Esmeralda beds (Pliocene), 714 miles north of Chiatovich Ranch, Fish Lake 
Valley, Esmeralda County, Nevada; obtained in spring of 1925 by Annie M. Alex- 
ander and Louise Kellogg. 

Anterior half of left P* (no. 30440), left M* (no. 30441), and left M, (no. 30442), 
Uniy. Calif. Mus. Pal. (pl. 2, figs. 5, 7, 9); from Pliocene beds, 114 miles southwest 
of Optima, Texas County, Oklahoma; collected in April 1929. See below under 
“Remarks” for additional account of this material, which Drescher (1939, p. 59) 
thinks may be of another species. 

Diagnosis. See the diagnosis of the monotypic genus. 

Range. Geological: Middle and Lower Pliocene. Geographical: Oklahoma north- 
west to Oregon. 

Remarks. The P* from the Esmeralda beds differs from that in the specimen from 
Oregon only in that the parastyle is more a transverse ridge than a discrete rounded 
cusp. ‘This difference is less than that resulting from individual variation in com- 
parable dental structures of the Recent Taxidea taxus. 

Some uncertainty exists about the identification of the teeth from Oklahoma and 
the fossil material, mentioned below, from Mexico. The three teeth from Oklahoma 
are here tentatively referred to Plhiotaxidea nevadensis because of their small size; well 
developed parastyle on P*, and relatively long talonid on M,. The broader heel on 
M, is a feature suggesting affinity instead with the Recent Taxidea taxus. 

As early as 1936 (see Hesse, 1936, p. 61) the writer examined the fossil teeth from — 
Oklahoma and was unwilling to identify them as of.a species different from Taxidea 
taxus until there were available for comparison specimens of the Recent Taxidea taxus 
berlandiert, the southern subspecies, individuals of which are smaller than those of 
the northern subspecies. In 1938 or 1939 the writer took the same attitude with 
respect to the horizontal ramus of a right lower jaw and the distal end of a right 
humerus from deposits in Chihuahua, Mexico, which Drescher (1939, p. 57) made 
the basis for a new species, Taxidea mexicana. ‘Two and a half months before 
Drescher proposed the name Taxidea mexicana, E. A. Goldman named from south- 
ern Sonora, Mexico, the Recent subspecies Taxidea taxus sonoriensis, characterized by 
small size. 

Adequate material of the Recent Taxidea taxus from the southern part of its range 
is still not available, but two pertinent skulls of females from that region have been 
examined. These are Univ. Calif. Mus. Vert. Zool. no. 74807, from southern 
Arizona, and no. 74808, from Sonora, Mexico. Use of these two skulls in comparisons 
shows that only two of the six cranial characters mentioned by Drescher (op. cit., 
p. 59) as diagnostic of his T. mexicana apply. The first of these two characters is 
the thinner ramus of the lower jaw near its anterior end, in the fossil specimen. The 
second is the shorter canine in the lower jaw (the diameter of the canine in one of 
the Recent specimens is less than in the fossil specimen). With a larger sample of the 
Recent animal, even these two differences might be found not to apply. In the distal 
end of the humerus Drescher found differences from individuals of the large, northern 
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Recent subspecies of Taxidea taxus. ‘The lack of humeri of the small, southern 
Recent subspecies makes it impossible to say whether the same differences prevail. 
It is doubtful whether they do. In view of what has been pointed out, the writer 
chooses for the time being to allocate the Mexican material to the Recent subspecies 
Taxidea taxus sonoriensis Goldman. 

Nevertheless, by analogy with what is known of lines of descent of other kinds of 
mammals, it is to be expected that the badger from the Recent and the badger from 
the upper part of the Pliocene would be at least specifically distinct. When specimens 
of badgers as complete as the one from Oregon are available from the Upper Pliocene 
beds of Oklahoma and from Sonora, Mexico, specific distinctness from the Recent 
badger will probably become apparent. 

An important point in this connection is that if T. mexicana Drescher is found 
to be distinct from T. taxus sonoriensis, and if it is of Middle Pliocene age, Pliotaxidea 
of the Lower and Middle Pliocene cannot be regarded as directly ancestral to Taxidea. 

Whatever the exact systematic position of these fragments from Oklahoma and 
Mexico, the animals concerned are clearly of the American Pliotaxidea-Taxidea \ine 
of descent, and not of the Asiatic Parataxidea-Meles \ine. 


DiscussIon 


In 1924 Zdansky named and described from the Pliocene of China a new 
genus of badger, Parataxidea (see fig. 2d). In comparing this with the Ameri- 
can genus, Taxidea, he says (1924, p. 52): 


Nach Erwahnung der Ahnlichkeiten unserer Form mit Taxidea darf auch der 
Unterschiede nicht vergessen werden. Dieselben sind so schwerwiegender Natur, 
dass nicht daran gedacht werden kann, die neue Form in die Gattung Taxidea 
einzureihen. Parataxidea, wie ich die chinesische Form zu benennen vorschlage, 
erweist sich durch die Form der Bulla, das einfache For. lac. post., die Form von P* 
und Mt? sowie durch die Anzahl der Pramolaren primitiver als Taxidea, zeigt sich 
jedoch durch die Form der zweiten und dritten Pramolaren beider Kiefer hoher 
spezialisiert als diese. Somit kann Parataxidea als Vorfahre von Taxidea nicht in 
Betracht kommen. 


From the excellent Asiatic material that he had, Zdansky (op. cit.) named 
two species. Of these, Parataxidea sinensis evidently is the genotype. He refers 
to his new genus an earlier-named Old World badger, Meles maraghanus Kittl, 
from Persia, and also the American Taxidea nevadensis Butterworth from 


Nevada. Regarding the latter, Zdansky (zbid., pp. 52-53) says in part: 


Butterworth hat wegen der Diirftigkeit seines Materiales keine neue Gattung 
aufgestellt, doch nun glaube ich, “Taxidea’ nevadensis unbedenklich auf Parataxidea 
beziehen zu durfen. Es ist das von besonderem Interesse, da wir hiemit eine der 
ganz sparlichen Raubtiergattungen der Hipparion-Fauna vor uns haben, die dem 
eurasiatischen Kontinente und Nord-Amerika gemeinsam sind. Wenn die gleich zu 
entwickelende Ansicht von der Abstammung der Gattung Parataxidea von den 
europaischen Trochictis richtig ist, so muss die chinesische Form Alter sein als die 
amerikanische, die unterpliozanes Alter besitzt. Wir haben dann hier, wie bei 
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Indarctos Lagrelii (siehe diesen), ein Argument fiir das obermiozane Alter der 
chinesischen Hipparion-Fauna an der Hand. 


Now that more adequate material of the North American Pliocene badger 
is available, it is clear that different conclusions are to be drawn on some of the 
points mentioned by Zdansky. In the first place, Taxidea nevadensts Butter- 
worth is not properly referable to Parataxidea, the Pliocene badger of the Old 
World, but is definitely more closely related to the Recent and Pleistocene 
Taxidea taxus of North America. Characters in which Plotaxidea (= Taxidea 
nevadensis) differs from Parataxidea and at the same time resembles Taxidea, 
that support this view, are: construction (see illustrations) and larger size of P*; 
larger size of P* in relation to M’; triangular rather than quadrangular shape 
of M'; arrangement of cusps in transverse rather than longitudinal rows on 
M'; cuspidate rather than basined or semi-basined talonid of M;; larger size of 
tympanic bullae, which actually are as large as in Taxidea. In the second place, 
fossil badgers cannot be used in the way Zdansky employs them to indicate 
greater age for the Hipparion fauna of China. 

It should be repeated that it is the availability of more and better material of 
Taxidea nevadensis that has led to conclusions which differ from those of 
Zdansky. On the basis of the single specimen of the American Pliocene badger 
known when Zdansky wrote of it, any worker might also have drawn the con- 
clusions that he did. | 

The point to be emphasized is that the two groups of badgers, one in North 
America, the other in Asia, were already distinct certainly well back in Pliocene 
time and probably in the Upper Miocene. Knowledge of this distinctness of 
the two stocks of badgers in the later Tertiary makes necessary some further 
minor revision of current views on the phylogeny and classification of the 
Mustelidae. The best summary of current opinions regarding relationships 
within the group is presented by Pilgrim (1933, p. 861). In his diagram or 
“phylogenetic tree” he evidently accepts Zdansky’s (op. cit.) views on the con- 
generic relationships of Pliocene and late Miocene badgers of America and 
Asia. It now seems apparent that a more accurate presentation of relationships 
would be provided by placing Parataxidea on a branch from the main Meles 
stem and recognizing Pliotaxidea and Taxidea (all the American badgers) as of 
a stem separate from that of the Old World badgers. In the light of present 
knowledge, both stems should be regarded as related to Trocharion and the 
mephitine section of the family in about the manner that Pilgrim has suggested 
in his diagram referred to above. Parataxidea may not be directly ancestral to 
Meles, and Pliotaxidea may not be directly ancestral to Taxidea, but the known 
Tertiary specimens are close to their respective stem forms in the line of descent. 

In the Pliocene and late Miocene of North America and Asia some kinds of 
carnivores were generically, and perhaps specifically, inseparable. An example 
in the Mustelidae (the family to which the badger belongs) is the wolverine, 
Plesiogulo (Zdansky, 1924, p. 38; Martin, 1928, p. 233). In Recent time, the 
wolverine (Gulo luscus) ranges much farther north in each continent than do 
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the badgers (Meles in Asia, and Taxidea in North America). Therefore, if a 
land connection were now to be re-established across Bering Strait, an inter- 
change of wolverines but not of badgers between Asia and North America 
would be expected. A similar difference in north-to-south distribution between 
these two groups may have existed also in Tertiary time. If so, this would in 
part account for the generic distinctness between badgers, and congeneric rela- 
tionship of wolverines, in the two continents. It is of course by no means 
certain that the geographic ranges of the Tertiary wolverines and badgers dif- 
fered in north-to-south extent as do the ranges of their living representatives. 
Neither is it certain that the climate over the land bridge was boreal; it may 
have been no cooler than in what we term the temperate region today. Also, 
there is the case of the ratel (Mellivora), which in the later Tertiary (Eomel- 
livora) was generically, and perhaps specifically, identical in North America 
and Asia (see Zdansky, 1924, p. 61; Stock and Hall, 1933, p. 63). In Recent 
time Mellivora has a geographic range more southern even than those of the 
badgers. Therefore, on first consideration, the evidence provided by the ratel 
appears to be against, rather than in favor of, the suggestion that mustelid 
carnivores now of austral predilections were generically distinct in the two 
continents in the late Tertiary, whereas mustelids now of boreal predilections 
were congeneric. Indeed, such a generalization is unwarranted; but it seems 
desirable to point to these facts and possibilities, since they have a place in 
explaining the ranges of the three mustelid stocks just mentioned. Certainly 
the ratel and wolverine in the Tertiary were in general relatively unspecialized. 
Furthermore, they were not so distantly related as Pocock’s estimate (1920a, 
p- 179) of the Recent kinds might lead one to suppose, or as Pilgrim’s state- 
ment (1933, p. 862), but not his diagram (zbrd., p. 861), might suggest. The 
specialization shown by these two stocks is demonstrated by the highly sectorial 
dentition. Probably competition for subsistence existed where the two occurred 
together, since both were of about the same size and had similar dentitions. In 
any considerable area of the same land mass and over a long span of time, 
however, development along a particular line would be likely for only one type. 
In a sense the ratel appears to have been the loser in this competition; it died 
out in the New World, and in the Old World it was pushed off to, withdrew 
to, or continued to flourish in, the south. 

It should be noted also that, whereas the dentition of the Recent Gulo shows 
a further development of the specialization already well shown in the Tertiary 
Plesiogulo, the dentition of the Recent Mellivora is less changed from that of the 
Tertiary Eomellivora. ‘The change that has occurred in the latter appears to be 
more of a degenerative modification than one which better enables the animal 
to retain its place among carnivores with sectorial dentitions. In conformity 
with this evidence, the Recent ratel is almost omnivorous or, at any rate, subsists 
on smaller animals and a far more varied diet than the Recent wolverine. 

Despite the Recent ratel’s loss of ground in some directions, the basic pattern 
of its dentition, the dentition of Eomellivora, and that of both the wolverines 
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are indicative of highly carnivorous food habits. The badgers, on the other 
hand, particularly the Tertiary genera, have dentitions that are modified in con- 
siderable degree from a purely flesh-eating pattern toward one adapted for feed- 
ing on a more varied diet, including insects. Evidence of an adaptation to insect 
foods includes the small but sharply pointed anterior premolars and small but 
highly cuspidate P*. A close parallel to this dentition is that of the Recent 
striped skunk, Mephitis, more than half of whose food for the year, and all of 
it in some seasons, is composed of insects. The character of the occlusal faces 
of M’ and of the heel of M, in the badgers (see pls. 1, 2) is useful to an insect- 
eater, but is even better adapted for an omnivorous diet which includes some 
insects. The area of crushing surface between M’* and Mz and the talonid of 
M, was actually about as large in the small Tertiary badgers as in the much 
larger living badgers. ‘This crushing apparatus, reminiscent of that in the 
Suidae, Hominidae, and Ursidae, characterized the earliest known badgers and 
indicates for them a way of life that has changed little since probably the 
Miocene. The change which has taken place in the American badgers is a 
limited alteration in the direction of slightly more sectorial teeth. In most in- 
dividuals of Taxidea, P* lacks the parastyle seen in Pliotaxidea, and the trigonid 
of M, is more bladelike and larger in relation to the talonid than in the latter 
genus. Despite this slight modification, the combination of insectivorous- 
omnivorous adaptations in the dentition is a long-time possession of the badger 
stock, just as the highly sectorial dentition has been a long-time possession of 
the wolverine stock. Application of this interpretation can be made to better 
advantage later on, after consideration of the tympanic bullae, a part of the 
auditory mechanism. 

In Recent badgers the tympanic bullae are large. In the badgers of the late 
Tertiary the bullae were relatively even larger—actually about as large as in 
the living animals. As respects general size of skull, and probably of most other 
parts, Recent badgers are roughly twice as large in linear measurements as the 
Tertiary kinds, Photaxidea and Parataxidea. Taxidea weighs about 16 pounds 
as compared with probably 4 to 6 pounds for Pliotaxidea. The bullae are thin- 
walled, not cancellous as in some mustelids, for example Mustela, and the en- 
closed space serves as a resonating chamber. Faint sounds are intensified by 
mechanisms of this sort, and the implication is that the badger has acute hear- 
ing. Generally speaking, the advantage of acute hearing to mammals which 
live in unforested areas—plains, deserts, steppes—as Taxidea does, is either in 
detecting prey as an aid in capturing it, or in detecting enemies as an aid in 
eluding them. In the latter case acute hearing is almost always associated with 
long hind legs for making quick dashes to safe retreats, or long limbs for sus- 
tained high speed. Jerboas, kangaroo rats, and hares are examples. In cursorial 
forms, hares for example, the hearing aid that gives superior acoustic sense is 
usually the large external pinna. In these animals the tympanic bulla, which 
encloses the middle and inner ear, is small or of medium size. In fossorial 
forms, for example, jerboas and kangaroo rats, the hearing aid that gives superior 
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acoustic sense is the unusually large tympanic bulla. In these creatures the 
external pinna of the ear is small or reduced to a mere rudiment. A large or 
medium-sized pinna (external ear) would be a hindrance in burrowing. The 
Recent badgers are the most fossorial of all the Carnivora. Therefore, one 
would expect the pinnae to be rudimentary, as in fact they are. It is known 
that Taxidea “has an ear” for sounds of high pitch. Squeaking sounds made 
by the writer to attract small birds brought a badger bent on investigating the 
source thereof. It seems probable that acute hearing assists the badger in locat- 
ing in the sand or sod such potential food as insects and lizards that burrow 
there to escape the heat of midday or the chill of evening. A badger seen hunt- 
ing in late afternoon in Kawich Valley, Nevada, was saved as a specimen. The 
stomach contents of this individual comprised one lizard, three horned toads, a 
large camel cricket, and six other kinds of insects. Taxidea eats also, probably 
mainly, small rodents, and locates these more by smell, the writer thinks, than 
by sound. Even so, acuteness of hearing probably is of real survival value to 
the Recent Taxidea, and because Pliotaxidea had relatively larger tympanic 
bullae, and teeth better developed for masticating insects, it seems reasonable to 
suppose that its food consisted of insects and other small animals of various 
kinds. The same reasoning would apply to Parataxidea. Until something is 
known of the appendicular skeleton, it will be impossible to estimate the degree 
of fossorial adaptation possessed by the Tertiary badgers, but it would be sur- 
prising if it were not considerable. 


SUMMARY AND CONCLUSIONS 


Badgers of the New World and Old World were generically distinct as far 
back as approximately the beginning of Pliocene time. In the New World the 
genera are Pliotaxidea of the Tertiary and Taxidea of the Quaternary and 
uppermost Tertiary. In the Old World, the genera are Parataxidea of the 
Tertiary and Meles of the Quaternary and perhaps uppermost Tertiary. Two 
structural features fitting these badgers for their particular way of life are teeth 
adapted to a mixed diet of insects and small vertebrates, and an auditory appa- 
ratus which confers superior acoustic powers. The requisite size and form of 
molariform teeth and requisite size of tympanic bullae had already been attained 
in the early Pliocene, although in several other particulars, notably smaller size 
of the entire animal, less progress had then been registered toward the condi- 
tion obtaining in Recent badgers. 

The close similarity between the Pliocene wolverines, as well as Pliocene 
ratels, of the Old and New worlds, and the generic dissimilarity of the badgers 
of that epoch in the two continents, may be accounted for on the basis of lati- 
tudinal range. The two groups first mentioned lived in more northerly latitudes 
than the badgers; the wolverines and ratels were in a favorable geographic posi- 
tion to cross from one continent to the other, and apparently did so, in late 
Miocene or early Pliocene time, when a land connection existed between Asia 
and North America in boreal regions. The badgers, on the other hand, may 
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Comparative measurements (1n millimeters) of skull and dentition 
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then, as they do now, have lived only to the south of this land connection and 
hence had less opportunity to cross from one continent to the other. 

The fossil wolverines and ratels, judging by their dentition, were flesh-eaters. 
In winter as well as in summer this kind of food is obtainable in the northern 
(boreal) regions. The fossil badgers, to judge from their dentition, fed on 
insects and other smal] animals of varied sorts. In winter, food of this kind is 
not obtainable in boreal latitudes. The small animals which occur there hiber- 
nate or, as in the instance of many insects, live over the winter in an egg stage. 
Of course the omnivorous bears (subgenus Euwarctos and presumably subgenus 
Ursus) meet this situation by a long period of winter sleep, and the ground 
squirrels (Cztellus), vegetarians, actually hibernate. Although the Recent Amer- 
ican badger has the ability to remain inactive below ground for long periods in 
the northern part of its range in winter, it does not live nearly so far north as do 
the bears or ground squirrels. 

If badgers of the Pliocene were no better able, or, as seems likely, were less 
able to withstand the vicissitudes of a boreal existence than Recent badgers, their 
early adaptation to a way of life specialized for a carnivore may have prevented 
their intercontinental migration. Resulting isolation conceivably hastened dif- 
ferentiation. Perhaps of even greater importance from the standpoint of their 
phylogenetic development, this isolation prevented competition on one or both 
continents between the two already differentiated stocks of badgers. If this 
competition had taken place, Meles of the Old World might today inhabit North 
America as well as Asia, as does the wolverine Gulo, and Taxidea of the New 
World might be confined to southern latitudes in America as Mellivora, the 
ratel, is in Asia and Africa. 
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CARNEGIE INST, WASHINGTON PUB. 551, PAPER II—HALL PLATE 1 


Photographs, retouched, all natural size 


Skull of Pliotaxidea nevadensis, from Stinking Water Creek, Oregon 


Fig. 1a, dorsal view; fig. 1, lateral view of left side; fig. 1b, ventral view; fig. 1c, 
labial view of P2 to M2 inclusive from left lower jaw. 


CARNEGIE INST. WASHINGTON PuB. 551, PAPER II—HALL PLATE 2 


Photographs, retouched: Teeth of American badgers 


Fics. 1, 14. Type specimen of Taxidea mexicana, “from C. I. T. Pale. Loc. No. 276 
. .. near Rincon, Chihuahua [Mexico], .. . Middle (?) Pliocene.” X 1. 

Fics. 2, 2a, 2b. Type specimen of Pliotaxidea nevadensis, from ‘Thousand Creek, 
Nevada. Fig. 2, lingual view; fig. 2a, labial view; fig. 2b, occlusal. view of right lower 
jaw. X 2. 

Fic. 3. Right lower jaw of Recent Taxidea taxus, female, Univ. Calif. Mus. Vert. 
Zool. no. 11332, from Baker Creek, Modoc County, California. Occlusal view for com- 
parison with type specimen of Pliotaxidea nevadensis. X 2. 

Fic. 4. Pliotaxidea nevadensis, left P4, from Fish Lake Valley, Esmeralda County, 
Nevada. X 2. 

Fics. 5, 7, 9. Pliotaxidea nevadensis, 3 teeth (see “Referred material” in text), from 
Texas County, Oklahoma. Fig. 5, P*; fig. 7, M!; fig. 9, M1. X 2. 

Fics. 6, 8, 10. Taxidea taxus, 3 teeth of Recent badger for comparison with teeth from 
Oklahoma (figs. 5, 7, 9). Fig. 6 (P*) and fig. 8 (M!), female, Univ. Calif. Mus. Vert. 
Zool. no. 35360, from Palisade, Eureka County, Nevada; fig. ro (M1), male, Univ. 
Calif. Mus. Vert. Zool. no. 24641, from Rhyolite, Nye County, Nevada. X 2. 
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Use of Fossil Fish Scales in Micropaleontology 


INTRODUCTION 


Fossil fish remains are abundantly represented in the marine sedimentary 
rocks of California. Certain shaly formations are littered with dismembered 
parts of fish, for example scales and single bones, though few other fossils are 
found in them. Up to the present time, these fossils have not been utilized in 
- geological and paleontological work in California. An attempt has been made 
by the author to collect a variety of distinguishable fossils of this kind and to 
determine to what degree these scale assemblages differ in different stratigraphic 
units. Approximately 75 distinct types of scale have been found, and the more 
important ones are illustrated in this paper. 

The present report is preliminary in many respects. Only a small number of 
genera are definitely determined. No names are given to the new forms at 
present. Instead, the genera are designated by number, the species by letter. It 
is hoped that the illustrations and identifications will nevertheless be of use to 
paleontologists. 

A general outline for work on fish scales and a description of the technique 
employed in the study of this kind of material was given by Camp and 
Hanna (Methods in Paleontology, 1937, p. 127). The methods described by 
these authors can be readily adapted to individual needs. 

The investigation on fossil fish scales here reported, conducted during 1941- 
1942, was supported by several petroleum companies, and it is a pleasure to 
acknowledge the generosity of these concerns. I wish: to thank Dr. Chester 
Stock for his active interest in the various aspects of the research and for the 
facilities offered in the paleontological laboratory of the California Institute of 
Technology. To M. L. Natland, of the Richfield Oil Corporation, I am in- 
debted for the excellent enlarged photographs of fossil scales which he so kindly 


made and contributed. 


DeEscrIPTION OF MATERIAL 


Occurrence and composition of assemblages. Fossil fish faunas represented 
by complete skeletons have been found at a number of localities in California, 
but are restricted almost entirely to the Upper Miocene. Some of these fish 
faunas are of considerable diversity and give definite information as to condi- 
tions of accumulation of the sediments at the place of their occurrence (see 
David, Geol. Soc. Amer. Spec. Pub. 43, 1943). Scales and dismembered remains 
of fish are scattered at intervals throughout the entire Tertiary stratigraphic 
section and are also found in the Upper Cretaceous. Fish remains are present 
to some degree nearly everywhere, but are often too fragmentary and distorted 
to be determinable. At intervals richer zones, comparable to the flood zones 
of the foraminifera, are found, showing a better preservation and a greater 
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variety of forms. Such zones are easily recognized in the field, especially in 
well cores. 

A fish-scale assemblage found fossil cannot be compared with a normal living 
fish fauna of a given locality. Generally the former shows an abundance of © 
individuals but small variety, and represents a joint occurrence rather than a 
faunal assemblage of more heterogeneous elements. Fishes that occur abun- 
dantly and in large schools in the oceanic realms are likely to leave more fre- 
quent records than the rarer forms. It will be seen that certain types are by 
far the most common in certain sections. Often these types are found to the 
exclusion of all others, the specific forms changing with the progress of time. 
These dominant types, because of their more general occurrence, are the most 
useful for correlation purposes. 

Scales of herring-like fishes (Clupeoidea) are extremely abundant in sedi- 
mentary accumulations laid down in shallow water, or in the neritic zone and 

DIAGRAM OF FISH SCALE 
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Fic. 1. Diagrams of fish remains most commonly found 


extending into bathyal regions. Silversides (Atherinidae), mackerels (Scom- 
bridae), jacks (Carangidae), and, to a certain degree, pipefishes (Syngnathus) 
are also more commonly found in coastal deposits. In regions of deep water, 
the place of the herrings is taken by a family restricted to abyssal depth, the 
rattails (Macrouridae). Scales of these fishes are among the best preserved in 
the California Tertiary. 

Text figure 1a illustrates diagrammatically a typical teleostean fish scale, show- 
ing the different parts of its sculpture: The basal covered region, where the scale 
is attached, is most often characterized by strongly folded basal radii; the apical 
uncovered part of the scale may be with or without marginal spines; the pre- 
marginal part of the apical pole may be characterized by radii, a radial network, 
tubercles, or patterns of differently shaped premarginal teeth. The greater part 
of the scale is generally sculptured by the circuli, fine lines, most often circular, 
which take different directions toward the margin of the scale, and are some- 
times characterized by a strong laterobasal angle. The center of the circuli is 
called the nucleus or focus; the apical part of the scale may be free from circuli. 
Clupeoid scales are marked by strong transverse radii, which are not found so 
well developed in any other group of fishes. 
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‘The scale characters readily permit one to distinguish families and genera. 
Specific differences can also be determined to a certain extent. The occurrence 
of fossil types in certain strata, their appearance at intervals interrupted by a 
lapse of time, favors differentiation into subdivisions of genera and species. 

Various single bones of fish are found in the stratigraphic section. Most often 
these are gill-cover bones. Text figure 1c shows the opercular bones of Etringus, 
a round herring, as found in the lower Saucesian; figure 10 shows a part of the 
ventral skeleton of the same form. Various fish jaws are likewise found. Plate 
1, figure 2 shows the jaws of a long-toothed abyssal form; figures 1 and ta 
show head and opercular bones of a pipefish. Fish teeth and ear bones are 
found in washed samples of foraminifera from certain zones. 


SEVERAL TYPICAL SCALE ASSEMBLAGES FROM THE CALIFORNIA | ERTIARY 


Well cores and surface sections of different formations and of various ages 
have been studied for fish remains. All locations of oil wells given, unless 
otherwise indicated, are Mount Diablo base line and meridian. 


Eocene A,, Eocene Ay—Kreyenhagen Formation 


Fish scales are very common in the Kreyenhagen. Only the three most 
abundant types are figured (pl. 1, figs. 3-5), all from the Seaboard Oil Company 
Well, Welch No. 1, Sec. 10, T. 16 S., R. 13 E. Two clupeoid forms are most 
commonly represented in the upper layers of the formation. In the list which 
follows, the numbers refer to the figures on plate 1. 


No. 3. Suborder Clupeoidea. From depth of 4037+ feet. Scale 4 mm. long, 
5 mm. deep. 

No. 4. Family Clupeidae. From depth of 4236 feet. Scale 5.25 mm. long, 
6.5 mm. deep. 

No. 5. Order Berycomorphi, family Polymixiidae. From depth of 4279=4 feet. 
Scale 2.88 mm. long, 2.35 mm. deep. This bathyal genus is extremely abundant in 
the lower Kreyenhagen, whence the material comes, and is found repeatedly in the 
section. Basal part of scale very irregularly folded; angular circuli fine and widely 
spaced, disappearing toward the apical region; marginal spines along apical margin, 
longest in center. 

The same form is found in the Amerada Petroleum Company Well, Beer No. 1, 
Sec. 17, T. 26 S., R. 19 E., at depth of 4026 feet and still deeper (Eocene A,). It also 
occurs in cores of the Texas Company Pioneer Unit Plan Well No. 1, Sec. 33, 
T. 11 S., R. 23 E., at depth of 8085 feet and still deeper (Eocene A,). 


Refugian 
The Refugian stage has been studied from cores of the Amerada Petroleum 
Company Well, Beer No. 1, Sec. 17, T. 26 S., R. 19 E., west of the Williamson 
area. The well core is comparatively sandy, however, and the samples available 
are few. The more characteristic types of a deep bathyal assemblage from the 
3500-foot level in this well are shown in plate 1, figures 6-10. They are listed 
as follows: | 
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No. 6. Family Chaetodontidae?: undescribed genus. From depth of 3540 feet. 
Elongate acanthopterygian scale, 6.5 mm. long, 4 mm. deep. This type of scale 
probably ranges higher in the Lower Miocene. 

No. 7. Family Halosauridae: undescribed genus. From depth of 3494 feet. 
Scale 5 mm. long, 3.5 mm. deep. 

No. 8. Order Iniomi. From depth of 3513 feet. Scale 1.94 mm. long, 2.59 mm. 
deep. 

No. 9. Family ?. From depth of 3500 feet. Scale 3.25 mm. long, 4 mm. deep. 
This type of ovoid scale probably ranges downward from the Refugian into the 
Eocene. Circuli extend entirely around scale; nucleus almost in center of scale; 
irregular radial radii range all around scale margin. 

No. 10. Family Macrouridae: undescribed genus. From depth of 3540 feet. 
Scale 1 mm. long, 1.5 mm. deep. Spinous apical region makes up greater part of 
scale. 

Zemorrian 


A very satisfactory Zemorrian section is found in cores of the Texas Company 
leomvese Une Ilan Well IN@, w, See, 23, I. mt IN. IX. 22 W. San Bermarciine 
base line and meridian, in the southern Sunset district, San Joaquin Valley, 
California. 


Upper Zemorrian. Range of Siphogenerina mayi: The Upper Zemorrian here 
shows a deep neritic assemblage, largely dominated by a species of the 
clupeoid genus Ez¢ringus, a round herring (pl. 2, figs. 11, 11a; text fig. 2). An 
assemblage not unlike this was found in the Ohio Oil Company “K.C.L.-G.” 
Well No. 1, Sec. 36, T. 29 S., R. 26 E., Fruitvale district, coming near the horizon 
of a Siphogenerina flood zone (S. transversa, S. mayi, and Uvigerinella obesa 
are present). The following types are listed, the numbers referring to the figures 
on plate 2. 

No. 11. Family Dussumieridae: Etringus sp. “K.C.L.-G.” Well No. 1, at depth 
of 10,434 feet. Scale 5.5 mm. long, 6.5 mm. deep. 

No. 11a. Family Dussumieridae: Etringus, same species. P.U.P. Well No. 1, at 
depth of 4352 feet. Scale 6 mm. long, 7mm. deep. This scale is of an older fish than 
that shown in figure 11, and is slightly distorted; the apical pole is compacted in 
depth. The scales shown in text figure 2 are from three different wells. The elongate 
type of scale with the greater number of transverse radii is much rarer than the ovoid 
type. The number of transverse and apical radii increases with age and size of scale. 


Pipefish are not rare in the assemblage (pl. 1, figs. 1, 1a) from the P.U.P. 
well, and are very abundant in well cores from the Fruitvale district: 

No. 1. Family Syngnathidae: head of Syngnathus. “K.C.L.-G.” Well No. 1, at 
depth of 10,450 feet. 14.5 mm. long, 7 mm. deep. 

No. 14. Family Syngnathidae: opercular of Syngnathus. P.U.P. Well No. 1, at 
depth of 4214 feet. 4.5 mm. long, 3.5 mm. deep. 


Three species of jack are present in the assemblage, two of which are figured 
here: | 


No. 12. Family Carangidae: Seriola sp., yellowtail. “K.C.L.-G.” Well No. 1, at 
depth of 10,434 feet. Scale 1.5 mm. long, 0.6 mm. deep. 
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No. 13. Family Carangidae: Seriola sp., yellowtail. “K.C.L.-G.” Well No. 1, at 
depth of 10,434 feet. Diameter of scale 2.5 mm. 


A comparatively large scale of a silverside is present: 
No. 14. Family Atherinidae. “K.C.L.-G.” Well No. 1, at depth of 10,450 feet. 


Scale 4 mm. long, 4 mm. deep. 
No. 14a. Family Atherinidae. P.U.P. Well No. 1, at depth of 4344 feet. Scale 


3.25 mm. long, 5 mm. deep. 


The scales shown in figures 14 and tga evidently belong to the same species. 


4 5 7 8 

Fic. 2. Etringus sp. Specimens from Upper Zemorrian to Lower Saucesian strata. 
(1) Scale 9 mm. long, 7.7 mm. deep, from Superior Krause Well No. 1, at 12,118 feet 
depth. (2) Scale 7 mm. long, 6 mm. deep, from Texas Company P.U.P. Well No. 1, at 
4387-4395 feet depth. (3) Scale 10 mm. long, 7 mm. deep, from same well, same depth. 
(4) Scale 6 mm. long, 6 mm. deep, from same well, same depth. (5) Scale of young 
specimen, 6 mm. long, 4.8 mm. deep, from same well, at 4336 feet depth. (6) Scale of 
young specimen, 2 mm. long, 2.5 mm. deep, from same well, at 4387-4395 feet depth. 
(7) Scale of young specimen, 4 mm. long, 5 mm. deep, from same well, at 5280 feet depth. 
(8) Ventral (?) scale 5 mm. long, 3.75 mm. deep, from Ohio Oil Company “K.C.L.-G.” 
Well No. 1, at 10,430 feet depth. 


No. 15. Suborder Salmonoidea. ‘This form seems typical of the Californian 
stratigraphic section from the Lower Saucesian downward. No related salmon occurs 
in the California sea today. Scale 15 (pl. 2) comes from the Superior Krause Well 
Nomis lnuitvalendistrict, Sec. 2, ls 20S), Re 26) E> probably, trom a slightly older 
horizon (Siphogenerina nodifera ?), at depth of 12,118 feet. It was found in a small 
sample, where the species of Ezringus was dominant. Scale 5.88 mm. long, 3.94 mm. 


deep. 


Bones from the opercular region of Etringus and also a ventral scute (text 
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fig. 15, c) are frequent in the Upper Zemorrian encountered in the P.U.P. well. 
A greater number of these bones are found in the Fruitvale zone. 


Middle Zemorrian. This division comprises the lower part of the range of 
Siphogenerina nodifera and Uvigenerina belridgensis. Beginning with the 
upper Middle Zemorrian, rattails appear in the stratigraphic sequence of the 
P.U.P. well, indicating presence of a deeper sea. A small form with feeble radii 
and hardly any spines (pl. 2, fg. 16) appears latest in the section, and is found 
in the uppermost Middle Zemorrian. In the middle of the Upper Zemorrian, 
coincidentally with the first appearance of Uvigenerina belridgensis, rattails 
become more abundant, and in the lower Middle Zemorrian rattails are domi- 
nant in the section. In large parts of the section nothing but rattails (pl. 2, 
figs. 16-20) is found; in these zones the sea evidently was more than 1000 
fathoms deep. These horizons are interrupted by regions where Etringus again 
becomes somewhat more frequent, but this form is always badly preserved at 
this depth. The dark shale containing an abundance of rattail is also inter- 
rupted several times by a highly sandy shale. 

All rattails (Macrouridae) shown (pl. 2) come from the P.U.P. Well No. 1: 


No. 16. Family Macrouridae. From depth of 4517-£ feet. Scale 3 mm. long, 
2.5 mm. deep. 

No. 17. Family Macrouridae. From depth of 5460 feet. Scale 5.25 mm. long, 
4 mm. deep. 

No. 18. Family Macrouridae. From depth of 6558 feet. Positive, sculptured side 
of scale, 4 mm. long, 4.24 mm. deep. 

No. 18a. Family Macrouridae. From depth of 6228 feet. Mold of sculptured 
side of scale, 3.12 mm. long, 4.06 mm. deep. 

No. 19. Family Macrouridae. From depth of 5688 feet. Mold of sculptured side 
of scale, 2.94 mm. long, 3.76 mm. deep. 

No. 20. Family Macrouridae. From depth of 6558 feet. Smooth side of scale, 
2.82 mm. long, 3.12 mm. deep. 


Lower Zemorrian. his zone is characterized by the foraminifer Anomalina 
californiensis. "The fish assemblage present in the lower Zemorrian of the 
P.U.P. well is different from that found higher in the section. Rattails dis- 
appear almost entirely; nearly all the genera present, however, are bathyal types. 
The large scale no. 24 (pl. 3) is rather frequent and most typical of the section. 
This appears to be the upper limit of its occurrence. Herring scales are present, 
but nearly always distorted, and it seems likely but not certain that a species 
change has taken place. All scales listed below are from the P.U.P. Well No. 1: 


No. 21. Family Thunnidae: possibly Thunnus. From depth of 7600 feet. Scale 
3.23 mm. long, 3.6 mm. deep. 

No. 22. Order Iniomi: undescribed genus. From depth of 6622 feet. Scale 4 mm. 
long, 4.5 mm. deep. 

No. 23. Family Halosauridae: Laytonia sp. From depth of 7304 feet. Scale 
3.82 mm. long, 3.52 mm. deep. A scale nearly related to this one was described by 
105 IDE 4a\, (Clrekerall (WU, S (Caal, Sura Joe, Iyer 020), ja, mt, WONG). 
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No. 24. Order Berycomorphi, family ?. From depth of 7400 feet. Scale 7.5 mm. 
long, 7.7 mm. deep. 


These Zemorrian assemblages are highly interesting, even though they come 
almost entirely from one well. The stratigraphic section shows very distinctly 
a subdivision into three parts. The distinctness of the lowermost assemblage 
indicates that a general faunal change occurred between that period and those 
that follow, causing extinction of certain types. The change occurring between 
the upper and middle parts of the section is explained entirely by facies dif- 
ferences. 


Saucesian 


The lower Saucesian is marked in thick sections by a great abundance of 
opercular bones belonging to Etringus. This fact has already been reported for 
the Lower Saucesian to Upper Zemorrian in the Ohio Oil Company “K.C.L.-G.” 
Well No. 1, and is found to hold also for the cores of the P.U.P. well sampling 
strata overlying the Upper Zemorrian. The same fact can be recorded for the 
Saucesian of the Associated Williamson Well No. 1, Sec. 2, T. 26 S., R. 20 E., 
Williamson area, at a depth of approximately 6600 feet and lower. Several 
small samples from the Etienne Lang “Occidental” Well No. 2, Sec. 30, T. 26 S., 
R. 19 E., west of the Lost Hills area, from the Santos shale showed the same 
forms, as well as samples from the Harold C. Morton Well No. 1 analogue 
Etienne Lang “Occidental” No. 2, in the same region. These bones occur fre- 
quently again in the Saucesian of the Texas Company Well, Newman No. 1, 
Sec, 23, T. 29 S., R. 28 E., on the southeastern border of the San Joaquin Valley, 
at a depth of approximately 5800 feet and lower. The accompanying scales of 
Etringus found in these sections are small compared with those found in the 
Upper Zemorrian, a difference which may be explained by local conditions. A 
great many fragments of fish bones were observed in washed samples from the 
Saucesian and Upper Zemorrian of Los Sauces Creek. One or two different 
clupeoid forms evidently occur in the Upper Saucesian, but sufficient material 
has not been seen. A more continuous Saucesian section has been studied in 
the Texas Company Well, Newman No. 1 (pl. 3), Kern River district, Sec. 23, 
T. 29 S., R. 28 E. Not much material is available, however, and the well is 
quite sandy. A number of coastal shallow-water forms of fish are present in 
the Upper Saucesian, mostly too fragmentary for exact determination. 


No. 25. Family Clupeidae: a clupeid form, probably a young shad. From depth 
of 3748 feet. Length of scale 4.71 mm., depth 5.76 mm. 


Macrouridae are present in the lower part of the well, but are not dominant. 
A small scale of a rattail is present in higher horizons: 


No. 26. Family Macrouridae. From depth of 5423 feet. Length of scale 2.41 
mm., depth 2.65 mm. | 

No. 27. Family Macrouridae: a quite different species of rattail. From depth of 
5741 feet. Length of scale 2.94 mm, with spines, depth 2.94 mm. 
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Other species of rattail appear farther down in the well. Finally there appears 
also occasionally no. 18, shown for the Zemorrian. 


Relizian and Luistan 


Both stages are represented in the Newman Well No. 1, but the material is 
not very satisfactory. The clupeid form no. 25 is present in both stages. 
A typical round herring is characteristic of the Relizian: 


No. 28. Family Dussumieridae. From depth of 3639 feet. Length of scale 4 mm., 
depth 5.29 mm. 


The assemblage is near-shore neritic, the more common types beings jacks and 
smelts, with a few acanthopterygians also present. The Luisian seems to be 
characterized by porgy fishes, for example Rhythmias and Plectrites (not 
figured). 

Mohntan 


The greatest variety of scales is found in the Mohnian. This is also the stage 
from which come the majority of the more completely assembled fish skeletons. 
The Mohnian assemblages are in general neritic, with types indicating local 
deepening of the sea. The Mohnian has been studied from outcrops in the 
Santa Monica Mountains. Localities in the eastern part of the mountains are 
for the most part near Sepulveda Canyon (for descriptions of localities see 
David, Geol. Soc. Amer. Spec. Pub. 43, 1943). Fossil sites in the type region 
of the Mohnian (Girard-Mohnsprings, now called Girard—Mineral Springs) are 
the same as Hoots’ foraminiferal localities (U. S. Geol. Surv. Prof. Paper 165C, 
1931). Our knowledge of these sections is still incomplete, and more collect- 
ing, with detailed stratigraphic studies, is desirable. Several small samples from 
the Western Gulf Oil Company Symons Well No. 12-17, Sec. 7, T. 32 S., 
R. 27 E., Buena Vista district, San Joaquin Valley, furnished Upper Mohnian 
material from below the Stevens zone. The Western Gulf Oil Company Lechler 
Well No. 1 from Oakridge also furnished some scattered Upper Mohnian scales. 
Lower Mohnian was found in the Findley Frazier “Portals” Well No. 1, Sec. 4, 
AE, 20 Sa, I, 2) 18, JOchisom chigencte, 


Mohman clupeoid fishes. Some remarks regarding the occurrence and use 
of this type of scale seem desirable here. Scales of herring-like fishes are well 
differentiated from those of all other groups. They are characterized by well 
marked, variously directed transverse radii on the basal part, generally paired, 
the lowermost pair united more often to form a complete ridge separating the 
apical part from the remaining part of the scale. The circuli are always very 
fine and cover the basal part; to the left and right of the center they extend 
onto the apical part, where they widen somewhat; they are slightly curved in 
the dorsoventral direction. The apical part is of simplified structure, divided 
only by apical radii differing in number. Scales differ more strikingly on the 
same fish in the herrings than in some of the other groups (Storey, Stanford 
Ichthyol. Bull., vol. 11, pp. 21, 22, 1938). However, the majority of scales from 
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each fish, that is all the lateral scales, are similar. Scales toward the dorsal and 
ventral extremities of the body are aberrant. The aberrant scales may show 
transitions between different types and are often hard to distinguish. It is there- 
fore advisable not to attempt determination on the basis of a single scale, but to 
consider a number of scales showing the variety present in a given horizon. As 
has been stated, herrings are always present in greater abundance than other 
fishes. | 

Four genera of herring-like fishes (see text figs. 3-6) are found in different 
parts of the Mohnian section. Typical specimens of the different forms are 
shown on plate 3, figures 29, 30, and plate 4, figures 31, 32. The drawings (text 
figs. 3-6) show the variations in scales of each type. 


— 
o 5 


6 


Fic. 3. Undescribed clupeoid genus. Specimens from the base of the Mohnian. (1) Scale 
7 mm. long, 6 mm. deep, from Findley Frazier “Portals” Well No. 1, at 3680-3685 feet 
depth. (2) Scale 6 mm. long, 5.5 mm. deep, from same well, at 3651-3670 feet depth. 
(3) Scale 5.25 mm. long, 5 mm. deep, from same well, at 3670-36744 feet depth. (4) Scale 
g mm. long, 8.5 mm. deep, from Altamira shale at top of Palos Verdes Hills. (5) Scale 
6.2 mm. long, 5.25 mm. deep, from same locality. (6) Ventral (?) scale 8 mm. long, 
6.25 mm. deep, from Findley Frazier “Portals” Well No. 1, at 3680-3685-+ feet depth. 


No. 31. Family Dussumieridae: ?Ezringus sp., from the base of the Mohnian 
(text fig. 3). The scale occurs in the Altamira shale of the Palos Verdes Hills. The 
same scale has been found in the Findley Frazier “Portals” Well No. 1, in the 
Pulvinulinella gyroidinaformis zone, probably in the lower third of this zone. The 
form is characterized by transverse radii running in various directions; the number 
of parallel paired transverse radii, if present, is smaller than in the following form. 
This specimen comes from Findley Frazier “Portals” Well No. 1, at depth of 3660 
feet. Length 5.5 mm., depth 5.47 mm. 
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No. 32. Family Dussumieridae: Ezringus scintillans (text fig. 4), a round herring 
extremely abundant in the Lower Modelo of the Santa Monica Mountains. It was 
found in the Sepulveda Canyon region at localities corresponding to Hoots’ unit 7 
or 7 to 8, extending to and including the lower half of 9 (Bolivina hughsi zone) of 


aN 
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Fic. 4. Etringus scintillans. Specimens from Lower to Middle Mohnian strata. (1) Scale 
11.75 mm. long, 9 mm. deep, from Sepulveda Canyon, Santa Monica Mountains, C.I.T. lo- 
cality 334. (2) Scale 11 mm. long, 8 mm. deep, from Axis Company Rowland Well No. 1, 
at 2105-2127 feet depth. (3) Ventral (?) scale 9.5 mm. long, 5.5 mm. deep, from same 
locality as (1). (4) Scale 13 mm. long, 10 mm. deep, from Girard—Mineral Springs, Santa 
Monica Mountains, near Hoots’ locality 117. (5) Scale of young specimen, 7 mm. long, 
6.2 mm. deep, from same locality as (1). (6) Dorsal (?) scale 8 mm. long, 6 mm. deep, 
from same locality. (7) Scale 10 mm. long, 10 mm. deep, from Kraemer shale, Puente 
Hills. (8) Scale 11 mm. long, 10 mm, deep, from Lower Mohnian, Puente Hills. 
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the type locality. In the Girard—Mineral Springs section, an abundance of scales of 
this form occurs between Hoots’ localities 117 and 118 (no scales have yet been col- 
lected at localities 119 to 130). Etringus is characterized by numerous paired trans- 
verse radii and widely spaced radii in the apical region. Etringus scintillans differs 
from the species found in the Saucesian-Zemorrian section (pl. 1, figs. 11, 11a) in 
its more elongate shape. The apical radii are longer and less numerous as compared 
with the number of paired transverse radii. The direction and shape of the upper- 
most radii are less symmetrical in the Upper Miocene species. The number of radii 
increases with age, as has been said before. The scales on the caudal peduncle show 
a greater number of transverse radii. Specimen from the Lower Modelo, Sepulveda 
Canyon, C.I.T. locality 317. Length 7.9 mm., depth 7.9 mm. 

No. 294, 6. Family Clupeidae: Xyne grex (text fig. 5), evidently a true herring. 
This form was described first from the Celite quarries of Lompoc, Santa Barbara 
County, which are of Delmontian age, corresponding to unit 18 of the Modelo type 


2 3 

Fic. 5. Xyne grex. Specimens from Upper Mohnian strata. (1) Scale 8 mm. long, 
9.5 mm. deep, from Girard—Mineral Springs, Santa Monica Mountains, near Hoots’ locality 
134. (2) Scale 7.25 mm. long, 6 mm. deep, from same locality. (3) Scale 4.2 mm. long, 
4.1 mm. deep, from same locality. 


locality (information supplied by Dr. M. N. Bramlette). Xyne is found in the 
Sepulveda Canyon region of the Santa Monica Mountains in the upper half of unit 9 
(Bolivina hughsi zone). It is abundant here and seems to take the place of Etringus, 
which is not found so high as this horizon. In the Girard—Mineral Springs section 
Xyne is found abundantly at Hoots’ localities 133 to 136 (corresponding to the 
horizon where Xyne is found in the eastern part of the mountains). Furthermore, 
Xyne, or a related form, is present in the Western Gulf Symons Well No. 12-17, a 
few hundred feet below the top of the Stevens zone. Here also the opercular bones 
of this form occur. The fish was found also in the Monterey hills in the vicinity of 
South Pasadena, and at other localities in southern California. In the scale of Xyne 
the apical part is separated from the basal part by a complete transverse line; fewer 
_ transversely paired radii are present, and these are otherwise directed than in Etringus. 
Specimens from Western Gulf Symons Well No. 12-17, at depth of 11,595-11,596 
feet. Dimensions: (a) length 4.88 mm., depth 5.88 mm.; (4) length 4.59 mm., 
depth 4.88 mm. 

No. 30. Two large species of shad, Ganolytes cameo and Ganolytes aratus, occur 
in Mohnian sections. Ganolytes cameo (pl. 3, fig. 32; text fig. 6, nos. 1, 2,.5), the 
older species, is much heavier and deeper. It has been described from the Lower 
Modelo and is very abundant there, accompanying Etringus scintillans in the 
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Sepulveda Canyon section as well as at Hoots’ localities 117 and 118, Girard—Mineral 
Springs. Ganolytes aratus, described from Lompoc, is probably represented by scales 
and other fragments in the Upper Mohnian. The ranges of these species of 
Ganolytes may overlap in the Middle Mohnian. The two species have been described 
and distinguished after complete skeletons found in Upper Miocene deposits. It has 
not been possible so far to define the differences between their scales. The large 
scales of the shads are easily recognized: A varying number of irregular transverse 
radii are present; the ends of the radii are often marked by a row of small round 
depressions; these depressions generally occur in the center of the scales, especially in 
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Fic. 6. Ganolytes sp. Specimens from Lower to Middle Mohnian strata. (1) G. cameo, 
scale 11 mm. long, 12 mm. deep, from Sepulveda Canyon, Santa Monica Mountains, C.I.T. 
locality 317. (2) G. cameo, scale from caudal peduncle (?), 12 mm. long, to mm. deep, 
from Girard—Mineral Springs, Santa Monica Mountains, near Hoots’ locality 116. (3) 
Ganolytes sp., scale 10 mm. long, 10 mm. deep, from same locality. (4) G. cf. aratus ?, 
scale 11.2 mm. long, 13.2 mm. deep, from Sepulveda Canyon, Santa Monica Mountains, 
C.1.T. locality 334. (5) G. cameo, scale 15.2 mm. long, 16.5 mm. deep, from Lower Modelo, 
Topanga Canyon, Santa Monica Mountains. 


larger specimens. The radii are strongest in G. cameo. The apical region is separated 
by a complete ridge and divided by numerous apical radii which may show small 
round depressions. Specimen of Ganolytes cameo, from Topanga Canyon, Modelo 
formation. Length 15.7 mm., depth 17.3 mm. 


It is fortunate that there is an abundance of different types of herring-like fish 
in the horizons of the Upper Miocene, and it is hoped that these forms can be 
used in correlating different stratigraphic sections. It is likely that the so-called 
thread herring, Opisthonema from the Altamira shale (see David, Geol. Soc. 
Amer. Spec. Pub. 43, p. 84, 1943) dies out after the Middle Miocene. Etringus 
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is restricted to the Mohnian stage in the Los Angeles Basin. Both evidently are 
warm-water types. Xyne and the shads range up into at least the Delmontian, 
but nothing like these forms exists in the North Pacific Ocean today. The 
shad living now in Pacific waters is a very different fish, and was introduced 
from the East by the U. S. Fish Commission. The shads appear first in the 
California Tertiary section during the Upper Saucesian stage. A species of 
Ganolytes is found more often in the Middle Miocene (see pl. 3, no. 25). ‘True 
abundances of the large scales of the genus have been noticed only beginning 
with the Mohnian stage. It remains to be seen whether the faunal change 
indicated by the substitution of Xyne for Etringus in the Upper Mohnian of the 
Santa Monica Mountains is a general one. To make better use of these forms, 
it is necessary to institute a more detailed study of the species and especially 
to investigate the development of the scales from young fishes to adults. The 
age of a fish is shown on the scale by the annual rings. It is possible that young 
shad scales resemble those of Xyne to some degree. Etringus scintillans as a 
- genus is well differentiated from other Mohnian forms. A different species of 
Etringus is found in the Lower Miocene (see above). 


Lower Mohnian. The more common forms are chosen from a variety of 
scales found in the Lower Mohnian (pl. 4). Many of these extend up into the 
Upper Mohnian and Delmontian. 


No. 33. Family Atherinidae: Zanteclites sp. Zanteclites hubbsi was described from 
the Lower Mohnian. The type having been lost, however, it is not certain that the 
scale belongs to this form. The scale illustrated is from Sepulveda Canyon, Lower 
Modelo, C.I.T. locality 317. Length 4.25 mm., depth 3.5 mm. 

No. 34. Family Scombridae: Pneumatophorus cf. grex. The common mackerel 
from the California Upper Miocene was assigned to the Recent Atlantic species. The 
scale conforms with the latter. Continental Oil Company “Turnbull” No. 3, Puente 
Hills, at 4575 feet depth, Lower Puente. Length 3.5 mm., depth 4.1 mm. Circuli 
transverse, those of basal region more widely spaced. Adjacent basal and apical circuli 
in center almost parallel (compare with the related scales of Sarda). Apical radii 
and irregular folding present along apical margin. 

No. 35. Family Thunnidae: Sarda cf. stocku, a bonito. Union Oil Company 
“Chapman” No. 29, at 7842-7850 feet depth, Lower Puente. Length 3 mm., depth 
4.8 mm. Circuli of basal region irregularly angled and curved; in other scales (see 
following number) circuli become almost circular concentric. 

No. 36. Same, same well at 4440-4449 feet depth, Kraemer sand (= Upper 
Mohnian). Length 2.5 mm., depth 4 mm. 

No. 37. Family Carangidae: Decapterus (Lompochites) cf. hopkinsi, a jack. 
Continental Oil Company “Turnbull” No. 3, at 4320 feet depth. Length 3.3 mm., 
depth 3 mm. 

No. 38. Family Carangidae: probably Decapterus sp. C.I.T. locality 317, Sepul- 
veda Canyon. Length 2.06 mm., depth 1.76 mm. 

No. 39. Family Sciaenidae: Lompoquia sp.? Girard—Mineral Springs, near Hoots’ 
locality 117. Length 3.65 mm., depth 2.82 mm. 

No. 40. Family Sciaenidae: Lompoquia cf. culvert. Girard—Mineral Springs, near 
Hoots’ locality 117. Length 3 mm., depth 3 mm. 
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No. 41. Family Scorpaenidae: Sebastodes sp., a rock cod. C.I.T. locality 317, 
uppermost strata, Sepulveda Canyon. Length 5.4 mm., depth 5.4 mm. 

No. 42. Family Scorpaenidae?. Girard—Mineral Springs, near Hoots’ locality 117. 
Length 4.41 mm., depth 3.12 mm. 

Middle to Upper Mohnian. The more common species in these zones were 
again chosen from the large variety of forms present (pl. 5). Jacks are very 
abundant (text figs. 7, 8). A species related to the living scad, family Ca- 
rangidae: Decapterus (Lompochites) cf. hopkinsi (see text fig. 7), is the most 
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Fic. 7. Decapterus cf. hopkinsi. Scale 3 mm. long, 3.5 mm. deep, from near Hoots’ 


locality 136. 
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Fic. 8. Undescribed genus. (1) Scale 3.1 mm. long, 3.9 mm. deep, from Hoots’ locality 
134. (2) Scale 3 mm. long, 3.2 mm. deep, from Axis Company Rowland Well No. 1, at 


2367-2384 feet depth. 

common jack found at Hoots’ locality 134, Girard—Mineral Springs. Scale 
hexagonal to rounded. Nucleus basad of center of scale; central circuli rounded 
to ovoid, dense, of small diameter; hardly angular; angles irregularly formed 


near outer borders of basal part of scale. 


No. 43. Family Thunnidae: Sarda cf. stocku. 
locality 134. Length 2.82 mm., depth 2.94 mm. 


Girard—Mineral Springs, Hoots’ 
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No. 44. Family Zaphlegidae: Zaphleges cf. longurio. Western Gulf Symons 
No. 12-17, at 11,595-11,596 feet depth. Length 2.71 mm., depth 2.94 mm. Scale 
rounded to oval, folded concentrically to basal part of scale. Nucleus apicad to center. 
Circuli symmetrically angular in apical part of scale. 

No. 45. Family Pomatomidae: Pseudoseriola sp. Western Gulf Symons Well 
No. 12-17, at 11,595-11,596 feet depth. Length 3.06 mm., depth 4.88 mm. Scale 
quadrangular, folded concentrically to basal border. Central circuli symmetrically 
rectangular, their basal border rounded, apical border straight. 

No. 46. Same? Same well, same depth. Length 3.82 mm., depth 2.35 mm. 

No. 47. Family Thunnidae: Sarda cf. stocki. Guirard—Mineral Springs, near 
Hoots’ locality 136. Length 2.59 mm., depth 1.94 mm. 

Nos. 48, 48a. Family Atherinidae: undescribed genus and species related to the 
bay smelt of California. Circuli of mid-lateral scales little extended beyond laterobasal 
angle; strong apical spines; laterobasal angle of lateral scales strongly acute, with 
circuli showing concave curvature before meeting in angle. No. 48, Girard—Mineral 
Springs, Hoots’ locality 134; length 2.25 mm., depth 3.25 mm. No. 48a, Western 
Gulf Symons Well No. 12-17, at depth of 11,595-11,596 feet; length 2.24 mm., depth 
2.65 mm. 

Nos. 49, 49a. Family Atherinidae: undescribed genus and species. Mid-lateral 
scales very much deepened; laterobasal angle acute but circuli almost straight. 
Girard—Mineral Springs, Hoots’ locality 136. No. 49, length 1.37 mm., depth 4.00 
mm. No. 49a, length 2.12 mm., depth 2.47 mm. 

No. 50. Family Sparidae: Rhythmias sp. Scales with strong basal folds, circuli 
directed toward dorsal and ventral margin, generally no marginal spines. Western 
Gulf Symons Well No. 12-17, at depth of 11,595-11,596 feet. Length 2.19 mm., 
depth 3.53 mm. 

Nos. 51, 51a. Family Sciaenidae: Lompoquia cf. culvert. Girard—Mineral Springs, 
Hoots’ locality 134. No. 51, length 3.17 mm., depth 3.46 mm. No. 51a, length 
4.06 mm., depth 3.71 mm. 

No. 52. Undetermined. Girard—Mineral Springs, Hoots’ locality 134. Length 6.29 
mm., depth 8.23 mm. 

No. 53. Family Sciaenidae: Lompoquia sp. Girard—Mineral Springs, Hoots’ 
locality 134. Length 3.06 mm., depth 2.65 mm. 


A small lantern fish is found abundantly represented in the uppermost 
Mohnian of the Los Angeles Basin. The entire fish is found rather than its 
scales, indicating deep neritic to bathyal surroundings of deposition. This fish 
and Bathylagus, another bathyal form, were found along the northern rim of 
the Santa Monica Mountains at C.I.T. localities 326, 329, and 379 in the region 
of Sepulveda Canyon, and at Hoots’ localities 136 and 142 of the Girard—Mineral 
Springs section. 


Delmontian and Pliocene 


No material has been studied from the Delmontian. P. P. Goudkoff’s fish- 
scale zone lies in this stage (see Bull. Geol. Soc. Amer., vol. 50, p. 1950, 1939). 
The fossil fish fauna from Lompoc, the richest known from the Pacific coast 
area, is of Delmontian age. 

Pliocene deposits have not been studied. Good scales occur in the Repetto 
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formation of southern California. In general the lithology of the Pliocene is 
such as to appear unfavorable to the preservation of scales, but fish vertebrae 


are encountered from time to time. 


SUMMARY OF KNown TERTIARY SILVERSIDES 


The scales of the silversides, family Atherinidae, with their very distinct 
laterobasal angle and the deepened mid-lateral scales, are easily distinguished 
from those of all other groups. They are also sufficiently abundant to be of 
use in correlation. Four species, possibly five, found in different California 
Tertiary sections, are compared on plate 6. Another is shown in text figure 9. 


Form 1 (figs. 1, 1@), from the Upper Zemorrian. Same as nos. 14, 14a, plate 2. 

Form 2 (fig. 2), from the Lower Mohnian and probably Relizian, Zanteclites ?. 
Same as no. 33, plate 4. : 

Form 3 (figs. 3, 34, 30), from the Upper Mohnian, San Joaquin Valley, Western 
Gulf Symons Well No. 12-17, at depth of 11,595-11,596 feet. Fig. 3, scale 1.2 mm. 
long, 2.8 mm. deep; fig. 3a, same as no. 48a, plate 5; fig. 34, scale 2 mm. long, 
1.7 mm. deep. | 

Form 4 (figs. 4, 4a), from the Upper Mohnian, Girard—Mineral Springs, Hoots’ 
locality 134. Fig. 4, 2 specimens, upper partly superimposed on lower, upper same 
as no. 48, plate 5; fig. 40, scale 2.1 mm. long, 2.2 mm. deep. 


Form 5 (figs. 5, 54), from the Upper Mohnian, Girard—Mineral Springs. Same 
as nos. 49, 494, plate 5. 
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Fic. 9. Zanteclites sp. Specimens from McLure shale, San Joaquin Valley, Ohio Oil Com- 
pany “Bear State” Well No. 23. (1) Scale 4 mm. long, 5 mm. deep, from 4636 feet depth; 
< 12, (@) Seale a7 ain, llome, ass marin, clego, imtomn A777 ect clgpting X 14. 


Form 6 (text fig. 9), from the Upper Mohnian, Bolivina brevior zone. Ohio Oil 
Company “Bear State” Well No. 23, Sec. 30, T. 28 S., R. 21 E. This is the largest 
silversides scale found so far; it is characteristic for the McLure shale of the San 
Joaquin Valley. Circuli always denser in central sector of basal part of scale. In the 
deep lateral scales circuli may or may not be present in dorso- and ventrobasal sectors; 
if present they are irregular and more or less shortened. 
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CoNCLUSIONS 


Determinable fossil fish remains in California are undoubtedly abundant and 
of considerable variety as to type. The foregoing report shows that well charac- 
terized remains are readily available and can be expected in all parts of the 
Tertiary section. Hard, shaly diatomaceous deposits are the most favorable for 
fish-scale preservation, and in shale units of certain formations scales are the 
most readily available fossils for correlation. 

Fish scales have sufficient characterization and are large enough to be used 
in the field. At certain horizons in the stratigraphic sequence an abundance 
of specific types of scale is present; where they occur in any number they cannot 
be overlooked, and can be recognized with a small magnifying glass. 

As in the instance of fossil foraminifera, particular kinds of scale distinguish 
certain parts of the geologic column. The differences noted are due in part to 
facies changes, and in part to more general faunal changes that have taken place 
with the lapse of time. Fossil fishes furnish evidence by which the ecological 
conditions during deposition of marine rocks can be definitely determined. 
Most fishes are restricted to certain environments as regards temperature and 
depth, and are therefore unlike many foraminifera, which can live just as well 
in cold as in deep water. Fish-scale assemblages can be readily identified as to 
their abyssal, bathyal, neritic, or littoral character. When the assemblages be- 
come better known, evaluation of the different factors involved will give even 
more definitive information as to ecological conditions. In this respect the 
scales supply a satisfactory check on the zoning established through use of the 
foraminifera, and aid in a better recognition of the size and extent of ancient 
sea basins. | 

Utilization of fossil fish scales permits the division of geologic time into units 
probably somewhat larger than stages. Scales are of special use in horizons 
where a definite faunal change has occurred. Such changes do not seem to 
coincide with the divisions that have been established by use of the foraminifera. 
The number of different types of fish remains is not extremely great. The 
best results in solving problems of correlation of strata can doubtless be obtained 
when fossil fish scales are utilized along with foraminifera. The degree of 
abundance of different kinds of fish should likewise furnish reliable informa- 
tion, once these forms have been identified. 

Valuable data relating to problems of sedimentation and oceanography can 
be obtained from a study of the type of material discussed in this paper. 
Presence or absence of fresh-water outlets and strength and direction of oceanic 
currents along the border of the marine basin are indicated by the composition 
of the scale assemblages. 
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some Typical Upper Eogene Fish Scales 
from California 


INTRODUCTION 


Fossil fish scales belonging to 16 families and to 18 genera from the California 
Eogene are described in this paper. The majority of the scales come from cores 
of the Kreyenhagen formation penetrated in oil wells of the San Joaquin Valley. 
In general, fish scales are plentiful in these strata, whereas there is a sparsity of 
such remains in the Middle and Lower Eocene. 

The fossil specimens come from localities rather widely distributed, but not 
all occurrences of the Kreyenhagen shale have been sampled for scales. ‘The 
collection shows great uniformity, so far as abundance of the more typical forms 
is concerned. It is certain that the important and characteristic fish types of 
Kreyenhagen age are well represented. The assemblage of scales does, however, 
contain a number of forms that are rare and too fragmentary to warrant de- 
scription. Unquestionably, still other types will be found in regions not yet 
explored for this kind of material. 

Special attention has been paid to scales of Upper Eocene age. Many of 
these, however, range in occurrence into the Oligocene. The Kreyenhagen for- 
mation, for example, which furnished most of the material, includes at its type 
locality rocks of Oligocene and Upper Eocene age (Jenkins, 1931, pp. 142-143). 
The present paper is concerned only with the Oligocene and Upper Eocene parts 
of the wells that were the sources of the fossil material. The age of the fauna 
is stated to be Upper Eogene rather than Upper Eocene and Oligocene, since the 
treatment of the Oligocene assemblages is very incomplete, and rocks of this age 
are represented by only thin sections in the region. 

A number of new genera and species are established on the basis of scales, 
since the characters of these structures differ more or less markedly from those 
of any known form, living or extinct. It must be pointed out that in most in- 
stances the fishes to which the scales belong are not known, and the taxonomic 
position of the genera is frequently doubtful. Diagnoses of the genera have 
therefore not been given. It seems desirable not to present these diagnoses until 
such time as the scales and their classification are better known. The genotype 
species is the only one described for each of the new genera recognized in this 
paper. Species are described as fully as possible. 


Sources oF Fosstt MATERIAL 
The following wells in California, enumerated from north to south, were the 
principal sources of the material: 
1. Pure Oil Company, Chowchilla No. 1, Chowchilla district, Sec. 7, T. 10 S., 
R. 14 E., Mount Diablo base line and meridian. 


49) 


50 CONTRIBUTIONS TO PALEONTOLOGY 


, wseAlncarte! Onl Connomisomn, Oro ILoma INO, m, See, 12, 1. 1 Se IR. ai 18, 
Mt. Diablo B. and M. 

3. Seaboard Oil Corporation, Gill No. 1, Sec. 27, T. 12 S., R. 15 E., Mt. Diablo 
B. and M. 

4. Jergins Oil Company, Chaney Ranch No. 1, Panoche district, 330 ft. S. and 
BAO wie, 18 ie Wo Yr, See, AS, 1, TA Sy IR. 13 83, Glevation aon lice, Milt, IDialollo 1B. 
and M. 

5. Western Gulf Oil Company, Lillis Welch No. 1, Firebough district, 680 
feet IN; and! 990 ft.E. of SW. comnen Sec 26,0) 1579), Rai) Es clevations 1150 
feet, Mt. Diablo B. and M. 

6. Seaboard Oil Corporation, Welch No. 1, 1708 ft: S. and 2036 ft. W. of NE. 
corner Sec. 10, T. 16 S., R. 13 E., elevation 695 feet, Mt. Diablo B. and M. 

7. Amerada Petroleum Corporation, Beer No. 1, Sec. 17, T.26S., R. 19 E., Mt. 
Diablo B. and M. 

8. ‘Texas Company, Pioneer Unit Plan Nos. 1 and 2, Sunset district: No. 1, 
ASS iit, Sq aacl AOA iy, 18, Ge IN, commer Sac. 23, Il, ti IN, IX. 22 W., elevation 
TAPS 18 ING, 2, 2X07 ttt, S, ame! aos ine, 12. oi INW. corner, Sec, 32, TT. mi IN IR. 
23 W., San Bernardino base line and meridian. 
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DEscrIPTION OF FisH FauNaA 


ORDER EUSELACHII GALEI 
Family CARCHARIIDAE 


Galeocerdo? sp. 
(Text figure 1) 


A small tooth of a shark, 2.3 mm. long by 
3.7 mm. wide, was found in a core of the 
Oro Loma No. 1 well of the Seaboard Oil 
Corp., at depth between 3141 and 3170 feet, 
in the Kreyenhagen formation. The specimen 
evidently belongs to Galeocerdo, or to a 
related genus. Definite generic identification 
is difficult on the basis of a single tooth. The 
tooth is probably different from that of any 

Be, m Galsowcrdo? om, Roath known species. The small, compressed crown 
from Seaboard Oil Corp. well, Oro 8 deeply notched on one side, showing two 
Loma No. rt. Kreyenhagen formation, 0tches in the basal part; the opposite side is 
Approx. X 9. concave. No serrations are observable along 

| the cutting edge. The apex is noticeably 
deflected to one side. The specimen differs from known teeth of the genus in the 
concave outline of its unnotched side. Galeocerdo ranges from the Upper Cretaceous 
to the Recent. — 


Aly ape” 


Z 


ORDER ISOSPONDYLI 
SUBORDER CLUPEOIDEA 
Family DUSSUMIERIDAE 


Pseudoetringus kreyenhagius, n. g. and n. sp. 
(Plate 1, figure 4; text figure 2e, f) 
L. R. David, Carnegie Inst. Wash. Pub. 551, III, p. 29, pl. 1, fig. 3, 1944. 


Type. No. 10321, Calif. Inst. Tech. Vert. Pale. Coll. Scale 4.2 mm. long by 5 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Welch No. 1, at depth of 4037 feet. Krey- 
enhagen formation. 

Description. A small scale which shows the following variations in measurements 
of length and depth (in millimeters): 5 by 5.1, 4.1 by 6, 4.5 by 5.1, 4.2 by 5, 4 by 5.1, 
4 by 5, 3-9 by 4.9. Shape irregularly oblate, with a distinctly marked projection of 
anterior and posterior margins; edges of dorsal and ventral margins either broadly 
rounded or more or less straight (fig. 2e, f). Scale when preserved (pl. 1, fig. 4) 
shows considerable thickness, smooth side highly glossy; mold of smooth side shows 
unusually strong ridges marking transverse radii (David, 1944, pl. 1, fig. 3). If only 
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the impression of the coarse side is present, scale appears thin, for there is nothing to 
indicate its actual thickness. Scale more or less uniform, apical pole not divided from 
basal part by complete transverse radius. Basal part characterized by 6 to 8 pairs of 
strong, closely situated transverse radu, all more or less parallel; uppermost radii be- 
come short and more strongly inclined toward center of scale. Apical pole with a few 
(generally 5) well marked radii directed toward nucleus. Circuli restricted to basal 
part and small anterior sectors of apical pole at right and left of nucleus. Circuli 
transverse, very little rounded, widely spaced considering small size of scale; 50 in 1 
mm. distance at middle of scale, 40 to 43 at outer margin in scale 4 mm. long by 5 
mm. deep. Circuli increase in coarseness toward outer margin of scale, coarsest at 
dorsal and ventral margins. Outer border of scale folded 2 or 3 times, forming a 
characteristic strengthened margin. 


Fic. 2. a-d, Wisslerius sardinelloides, n. g. and n. sp. (a, &) Jergins Oil Co. well, Chaney 
Ranch No. 1. (¢c, d) Seaboard Oil Corp. well, Welch No. 1. 

e, f, Pseudoetringus kreyenhagius, n. g. and n. sp. (e) Seaboard Oil Corp. well, Welch 
No. 1. (f) Pure Oil Co. well, Chowchilla No. 1. 

Tumey and Kreyenhagen formations. X 4. 


Occurrence. ‘This form of scale is quite abundant in the Kreyenhagen shale, 
especially in the upper horizons. It was found in cores from the following wells: 
Seaboard Oil Corp., Welch No. 1, at depth between 4047 and 4245 feet; Jergins Oil 
Co., Chaney Ranch No. 1, at depth between 3543 and 3669 feet and between 4433 
and 4460 feet; Pure Oil Co., Chowchilla No. 1, at depth between 2834 and 2859 
feet; and Seaboard Oil Corp., Gill No. 1, at depth between 3988 and 4002 feet. 

Relationships. Pseudoetringus shows the characters of a clupeoid fish without 
indication of near relationship to any Recent form. Scales of the Eogene type lack 
the dividing line between apical and basal parts. This fish was probably not a true 
herring. In the absence of this line and in the large number of paired transverse 
radii, the fossil shows some similarity to the Miocene Etringus. The latter genus, 
however, has an entirely different shape and a different apical structure. This small 
Eogene scale, with its thick, glossy structure, large number of strongly paired trans- 
verse radii, and few apical radii converging toward the center, is a distinctive type 
and may represent an extinct clupeoid family. 
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Family CLUPEIDAE. Herrines 


Wisslerius sardinelloides, n. g. and n. sp. 
(Text figure 2a-d) 
L. R. David, Carnegie Inst. Wash. Pub. 551, III, p. 29, pl. 1, fig. 4, 1944. 


Type. No. 10322, Calif. Inst. Tech. Vert. Pale. Coll. Scale 5.2 mm. long by 7 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Welch No. 1, at depth of 4236 feet. Krey- 
enhagen formation. 

Description. Ovoid to quadrangular with rounded corners. Relatively large, sizes 
(length and depth, in millimeters) varying as follows: 8 by 9, 6.5 by 8.7, 6.5 by 7, 
5.9 by 6, 4 by 5, 4 by 4.9. Basal outline more or less rounded, with middle part 
projecting; apical border rounded to angular. Apical part comparatively long, com- 
prising one-third of scale length, completely divided from basal part by transverse 
radius. Basal region generally with 4 pairs of transverse radii, widely spaced at 
more or less equal distances; in smaller scales only 3 pairs present. Uppermost radii 
more distinctly oblique, pointing toward center; their direction may have been 
changed by strong folding of outer margin of scale. Circuli restricted to basal part 
except for small sectors in uppermost apical part. Circuli transverse; fairly fine in 
middle of scale, but becoming increasingly coarse toward dorsal and ventral borders 
with growth of scale; 47 to 50 in 1 mm. distance at nuclear center, 40 at dorsal and 
ventral borders of scale of 7 mm. depth, 39 in scale of 9g mm. depth, and 35 in scale 
of ro mm. depth. Apical pole almost smooth, indistinct radii showing at apical 
border. A number of folds are seen around outer border of scale, these especially 
numerous on basal margin. Scale usually found with separated apical and basal 
parts. 

The new genus is named for Mr. Stanley G. Wissler, paleontologist of the Union 
Oil Company, California. 

Occurrence. The scale is abundant in the Tumey and upper Kreyenhagen. Well 
preserved specimens are commonly found in the Jergins Oil Co. well, Chaney Ranch 
No. 1, at depth between 3570 and 3597 feet. Smaller scales of the same type are 
abundant in the same well from 3624 to 3864 feet. More or less fragmentary speci- 
mens are found from 4304 to 4407 feet. The scale is also abundant in the Seaboard 
Oil Corp. well, Welch No. 1, at depth from 4037 to 4236 feet, and in many others. 

Relationships. In the shape of the apical and basal regions, and in the arrange- 
. ment of the paired transverse radii, relationship is shown to Sardinella, a genus 
widely distributed today in warm seas. Close similarity is also shown to the related 
genus Opisthonema, an inhabitant of warm coastal seas. Opisthonema libertate 
from the Galapagos Islands has scales quite similar to the fossils. Sardinella has a 
greater number of paired transverse radii and more pronounced apical radii. Sardz- 
nella sirmi from the Philippine Islands and S. clupeoides from British North Borneo 
seem to be exceptions, but their radii are much less regularly arranged and even 
smaller in number than in almost any of the Eogene scales. The numerous folds 
along the outer margin, so characteristic of the fossil scales, are not present or are 
only faintly indicated in scales of Recent fish. The folds appear to develop as a re- 
sult of compression of the scale during entombment in the rock. There is not much 
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doubt that the Eogene genus is related to the group of modern herrings comprising 
the genera Sardinella and Opisthonema. It differs to some degree, however, from all 
known living forms. This scale occurs in several groups of strata of the Kreyenhagen 
shale, but varies noticeably in size and to some degree also in shape. The type of 
scale that comes from the Seaboard Oil Corp. well, Welch No. 1, is of medium size 
and oval in shape. The well preserved scales of the genus found in the uppermost 
Kreyenhagen of the Jergins Oil Co. well, Chaney Ranch No. 1, are rounded, and are 
distinguished by their very large size. These may represent a different species, or a 
large variety. This part of the stratigraphic column correlates with the so-called 
Leda zone, and is higher in the section than that containing the remaining material 
studied. At other stratigraphic horizons the scales average much smaller. 


? Alosa ganolytoides, n. sp. 


(Text figure 3) 


Type. No. 112, Paleontological Lab- 
oratory of the Richfield Oil Corporation, 
Long Beach, California. Scale 11.2 mm. 
long by 13.5 mm. deep. 

Type locality. Seaboard Oil Corp. 
well, Oro Loma No. 1, at depth between 
Bi Onan dag? COM LeCt MEE Crevennagen 
formation. 

Description. Only a few specimens 
are known so far; a second large scale, 
similar to the type specimen, measures 
ah 10.5 mm. long by 11.5 mm. deep. Two 

Fic. 3. ? Alosa ganolytoides, n. sp. smaller specimens are also available. 

Seaboard Oil Corp. well, Oro Loma No. Scales large, oblong, shadlike; basal part 
1. Kreyenhagen formation. X 4. comprises two-thirds of scale, not dis- 

tinctly separated from apical part. 
Numerous fine basal circuli, transverse to rounded, ending at dorsal and ventral 
margins; approximately 39 to 42 in 1 mm. distance. Circuli form irregular pattern 
and are not everywhere parallel. Pattern of basal radii not clearly shown; transverse 
radii present but not completely visible. Apical pole small, not always occupying 
entire apical margin, but restricted to a smaller sector. Apical radii form fine, broken 
tubercular lines; these are not so strong nor are the tubercles so numerous as in the 
Miocene Ganolytes. Not quite 4 radii in 1 mm. distance. 

Occurrence. In addition to the type, there are three scales from the Jergins Oil 
Co. well, Chaney Ranch No. 1, at depth between 4304 and 4330 feet. 

Relationships. The scale shows resemblance to comparable structures seen in 
forms related to Alosa, as well as in the Miocene genus Ganolytes. Alosa ganolytoides 
is characterized by fine tuberculated and elevated radii marking the apical pole. 
These are considerably finer than in Ganolytes, but more distinct than in any of the 
Recent scales. 
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SuBoRDER SALMONOIDEA 
Family COREGONIDAE 


Parastenodus gillensis, n. g. and n. sp. 
(Plate 4, figure 4) 


Type specimen. No. 110, Paleontological Laboratory of the Richfield Oil Corpora- 
tion, Long Beach, California. Scale 5.2 mm. long by 3.9 mm. deep. 

Type locality. Seaboard Oil Corp. well, Gill No. 1, at depth between 3852 and 
3863 feet. Kreyenhagen formation. 

Description. Round to elongate scales of medium size; a second specimen 4.1 mm. 
long by 5.2 mm. deep. Concentric circuli throughout scale, nowhere distinctly folded, 
showing slight deviations and irregularities almost everywhere. Type shows 2 fold- 
like curvatures of circuli at basal pole; a second scale more regularly concentric; circuli 
most distantly spaced toward apical pole (17 in 1 mm. distance), most closely spaced 
near dorsal and ventral borders (27 to 28 in 1 mm. distance). Nucleus acentral. 
Smooth side of scale marked by a number of tubercles in places. Annuli indistinctly 
shown, type probably a scale in its third year. 

Occurrence. In addition to the type, only one scale was collected, in the Seaboard 
Oil Corp. well, Oro Loma No. 1, at depth between 3229 and 3242 feet. 

Relationships. The relationships of this salmonoid scale are presumably with the 
Coregonidae, as is indicated by the more or less concentric circuli that occupy the en- 
tire scale, the acentral nucleus, and the structure of the circuli. Scales of Stenodus 
mackenzu from Alaskan waters show irregularities of the circuli similar to those in 
the fossil form, although the Recent scales are considerably larger and more rounded. 
So far as the fossil is known, it cannot be assigned to any living genus. Stenodus 
seems to be the nearest living type. 


Beckius plicatus, n. g. and n. sp. 


(Plate 4, figure 5) 


Type. No. 111, Paleontological Laboratory of the Richfield Oil Corporation, Long 
Beach, California. Scale 4.5 mm. long by 4.5 mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth between 3570 
and 3597 feet. Tumey formation. 

Description. Scale almost quadrangular, broadening toward apical region. Basal 
part with sharp-angled folds, 2 in diagonal of laterobasal angles, 2 more central than 
these, with folds forming triangular projections of border. Nucleus central, sur- 
rounded by concentric circuli which rapidly increase in size and show typical fold- 
ing of the basal part almost to the most central and smallest circuli. Circuli coarse, 
finest toward basal pole, 18 in 1 mm. distance toward basal border; circuli increase 
noticeably in width toward apical part of scale and along dorsal and ventral borders, 
I2 in I mm. distance toward apical border. Type evidently a lateral-line scale, apical 
circuli divided in middle. 

The new genus is named for Mr. R. Stanley Beck, paleontologist, Bakersfield, 
California. 

Relationships. ‘The structure of the scale indicates relationship with the Core- 
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gonidae, although this seems to be less certain than in the preceding form. The fossil 
shows similarities to Leucichthys nigripinnis cyaenopterus from Lake Superior. In 
Leucichthys, however, the basal folds are not so well developed, nor are they symmet- 
rical. The circuli in Leucichthys grow considerably wider in the apical region as in 
the fossil, but they remain close together along the dorsal and ventral borders. Also, 
in the Recent scale these structures do not show the coarseness seen in the much 
smaller fossil. The latter scale, with basal part divided into sharp angular folds and 
with circuli widening considerably toward the apical part, can be readily distin- 
guished. A modern scale showing resemblance to the fossil form does not appear 
to be known, and the well preserved specimen apparently belongs to an extinct group 
related to the Coregonidae. 


Family CYCLOLEPIDAE, new family 


Cyclolepoides tuberculatus, n. g. and n. sp. 
(Plate 2, figures 4, 5) 
L. R. David, Carnegie Inst. Wash. pub. 551, III, p. 31, pl. 2, fig. 15, 1944. 


Type. No. 10331, Calif. Inst. Tech. Vert. Pale. Coll. Scale 5 mm. long by 3.5 . 
mm. deep. 

Type locality. Western Gulf Oil Co. well, Lillis Welch No. 1, at depth between 
1851 and 1858 feet. Kreyenhagen formation. 

Description. Irregularly rounded to oval scales, generally very large and thick. 
Occasionally small scales are present, the latter belonging possibly to a different 
species. Size (length and depth, in millimeters) varying as follows: 2 by 1.9, 3.1 
by 3, 2.9 by 2.5, 3.9 by 2, 6.1 by 5, 7 by 5.9, 9 by 6.1, 12 by 9. Scales show simple 
structure, with fine concentric circuli equally marked on entire specimen. Nucleus 
central to subcentral, depending on shape of scale. Scale very thick. Distinct dif- 
ferences between coarse and smooth sides. Even and glossy in parts of smooth side 
(pl. 2, fig. 4); other parts marked by irregular furrows and cavities, penetrating more 
or less into scale, but not perforating it. Checkerboard pattern on coarse side pene- 
trating in places through scale, especially along outer border, marking smooth side 
of scale with regular concentric rows of elevations that are coarser than circuli. Coarse 
side of scale (pl. 2, fig. 5) marked by concentric ridges of circuli, showing irregular- 
ities in places. Circuli usually marked by rows of pointed tubercles set on their upper 
edges. ‘Tubercles arranged in diagonal rows, giving impression that diagonal cross- 
rows are present, and forming a checkerboard pattern which is distinct along outer 
border. Number of circuli variable, circuli most delicate in center; rings of fine and 
coarse circuli alternating toward outer border. The following counts in different 
specimens give numbers of circuli in 0.1 mm. distance found in successive rings from 
center of scale to outer border: Eogene scale with diameters of 7 and 8 mm.: 10, 7, 11, 
7. Regenerated Eogene scale with diameters of 7.5 and 9 mm.: 7, 9-10. Eogene scale 
with diameters of 3 and 2.5 mm.: 10, 6, 7. Eogene scale with diameters of 1.9 and 
2 mm.: 10, 7. Saucesian scale with diameters of 10 and 12 mm.: 13, 11, 8, 5%. 
Saucesian scale (David, 1944, pl. 2, fig. 15) with diameters of 6 and 4.9 mm.: 9, 11, 
oh 

Occurrence. ‘This scale is very abundant at particular horizons wherever found in 
the Upper Eocene. It was collected in the Eocene Kellogg shale of the Mount Diablo 
area. It occurs abundantly in the Western Gulf Oil Co. well, Lillis Welch No. 1, 
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at depth between 1087 and 1858 feet; in the Jergins Oil Co. well, Chaney Ranch No. 
1, at depth between 4304 and 4360 feet; in the Seaboard Oil Corp. well, Oro Loma No. 
1, at depth between 2800 and 3220 feet; in the Seaboard Oil Corp. well, Gill No. 1, 
at depth between 3935 and 4002 feet; in the Texas Co. well, Pioneer Unit Plan No. 1, 
at 8093 feet and deeper; in the Texas Co. well, Pioneer Unit Plan No. 2, at 9353 feet 
and deeper; and in other wells. The scale is not restricted to the Eogene, for it is 
found higher in the stratigraphic column, occurring in the Upper Zemorrian—Lower 
Saucesian. Here it is occasionally present, but is not abundant. 

Relationships. Cretaceous scales of oval shape, with concentric circuli and sub- 
central nucleus, and without radii and ctenoid structures, have been assigned to the 
genus Cyclolepis (Cockerell, 1919). The Californian Eogene Cyclolepoides shows 
fundamentally the same structure. It is included in the Salmonoidea, following 
Cockerell’s classification (1919, p. 181). This group of fishes shows for the most 
part the same type of simple scale as that so well represented by the living Stenodus 
mackenzi. ‘The scale of Cyclolepoides differs in the fineness of its circuli, and in 
the regularly placed tubercles which follow the course of the circuli, giving the scale 
its peculiar pattern. The thick scales, with smooth side occasionally deeply furrowed, 
suggest a primitive condition, and they may represent an extinct group. These char- 
acters give the scale a typical aspect and make it easily distinguishable from all other 
fossil forms as well as from living Salmonoidea. It is questionable whether the scale 
represents a true salmonid fish. No other group is known to the writer, however, 
to which it might belong. The migratory habit of the form, as pointed out below, 
suggests a relationship to the salmons. 

There can be little doubt that this fish was migratory. Annular rings of more 
or less crowded circuli can be seen on almost every scale, their extent varying in dif- 
ferent scales. The length of time represented by such rings cannot be stated. The 
circuli nearest the middle are the densest, and those toward the outside are the least 
crowded, a fact which indicates that life started in fresh water and ended in a marine 
environment. Cockerell likewise regards the Cretaceous Cyclolepis as probably hav- 
ing had migratory habits. It is possible that the Cretaceous and Eocene forms rep- 
resent a group of salmons that are extinct today. The location and depth where 
modern salmon feed, while in the sea, have not been definitely determined. Salmon 
have been reported, however, far out in the sea, beyond the continental shelves, and 
it is evident that feeding salmon frequent the waters of the open sea as well as those 
of the immediate coast (Davidson and Hutchinson, 1938, pp. 667 ff.). | 

The scale of Cyclolepoides is abundant in the Upper Eogene and may be an indi- 
cator of Eocene age. It has been found, however, in occasional core samples as high 
as the Lower Miocene. 


ORDER INIOMI 
Family ? CHLOROPHTHALMIDAE 


Iniomus fossilis, n. g. and n. sp. 
(Plate 1, figure 1) 
Type. No. 10333, Calif. Inst. Tech. Vert. Pale. Coll. Scale 4.1 mm. long by 4 mm. 
deep. 
Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth between 3570 
and 3597 feet. Tumey formation. 
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Description. Type and only specimen quadrangular in shape, with pronounced 
basilateral angles. Basal margin curved and projecting at middle; dorsal and ventral 
margins straight. Nucleus subapical. Basal region completely occupied by fine 
parallel circuli, concentric with basal, dorsal, and ventral margins; strongly bent in 
basilateral angle; circuli numerous, 34 to 35 in 1 mm. distance at basal border. No 
folding recognized. Most central circuli (about 6) wide. Apical pole almost re- 
stricted to apical margin, smooth, equipped with one row of relatively wide, probably 
flattened spines; 17 or 18 spines in less than 1 mm. length. 

Discussion. ‘The type is the only specimen thus far known, and is well preserved.* 

Relationships. The scale shows the characters of the Iniomi, as indicated by the 
structure and position of the spines, and also by the arrangement of the circuli and 
the nuclear center. The circuli, however, are quite numerous for the group. The 
nearer relationships of the form are uncertain. It does not conform exactly to any one 
kind of scale in the available collections, but seems nearest to the Chlorophthalmidae 
in general structure. A considerable number of scales of genera of the Iniomi are 
still unknown, and it is possible that in future some near relatives of the fossil will 
be found among the living members of the group. 


ORDER SYNENTOGNATHI 
Family ? SCOMBERESOCIDAE. Sxiryacks or GarPIKES, SAURIES 


Praescomberesox pacificus, n. g. and n. sp. 
(Plate 2, figure 3; plate 3, figure 2) 


Type. No. 10325, Calif. Inst. Tech. Vert. Pale. Coll. Scale 7 mm. long by 7 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Gill No. 1, at depth between 3895 and 3907 
feet. Kreyenhagen formation. 

Cotype. No. 10326, Calif. Inst. Tech. Vert. Pale. Coll. From Western Gulf Oil 
Co. well, Lillis Welch No. 1, at depth between 1748 and 1761 feet. Kreyenhagen 
formation. Scale 4.1 mm. long by 7 mm. deep. 

Description. Scale type A (pl. 3, fig. 2): Subquadrangular, with round apical 
pole. All specimens of nearly same size: 8 by 7 mm., 6 by 6.5 mm., 6.5 by 7.1 mm. 
Basal border straight, meeting dorsal and ventral borders at about a right angle; 
apical border rounded. Circuli form only pattern on scales; these are transverse 
throughout scale, increasingly coarse toward basal margin, fine in apical region. 
Nucleus or center of scale between basal and apical parts, not clearly marked. Circuli 
not parallel, but slightly curved or oblique in places, sometimes bent at exterior bor- 
der, directed toward apical end beyond more centrally located circuli. Latter may 
be shortened. Such structures are asymmetrical, since they do not reach same level 
at dorsal and ventral borders. Folds distinct along basal border, and folding of entire 
scale parallel to margin of upper half of scale, strongest along exterior border. 

Scale type B (pl. 2, fig. 3): Measurements (in millimeters) of length and depth 
vary as follows: 4.1 by 7 (cotype), 4 by 6.5, 2.1 by 4. Scales much deeper than long, 


much shorter than those described under type A. Basal and apical borders more or 


1 This type of scale has been found to be very abundant in the Middle Eocene Llajas 
formation of Simi Valley. 
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less straight, dorsal and ventral margins rounded; pattern of scales more or less similar 
to that of type A, with transverse circuli coarser toward basal region. Nucleus 
hardly distinguishable in some scales; better shown in smallest scale, which may come 
from one extremity of body. Pattern of circuli shows irregularities toward outer 
margin as in type A scales. Scale not folded. 

Occurrence. hough this scale is not very abundant, it was found repeatedly in 
the Kreyenhagen. Type A scales occur in the Jergins Oil Co. well, Chaney Ranch 
No. 1, at depth between 3548 and 3597 feet, and in the Seaboard Oil Corp. well, Gill 
No. 1, at depth between 3895 and 3907 feet. Type B scales were found in the West- 
ern Gulf Oil Co. well, Lillis Welch No. 1, at depth between 1748 and 1761 feet; in 
the Seaboard Oil Corp. well, Oro Loma No. 1, at depth between 3220 and 3239 feet; 
and in the Seaboard Oil Corp. well, Gill No. 1, at depth between 3895 and 3907 feet. 

Relationships. ‘This interesting scale is of unusual type, and easily recognized by 
its characteristic shape. The type A scale is rather long in proportion to its depth, 
the basal border is straight with sharp corners, and the apical pole is rounded. The 
scale is folded several times along a line parallel to the basal border. All circuli are 
more or less transverse, and the center of the scale, with nucleus, cannot be readily 
distinguished, if present at all.. No modern scale of comparable structure is known 
to the writer. Scales with transverse circuli that are coarse in the basal part and 
fine toward the apical pole, and with central nucleus, are found in the Scombereso- 
cidae among the Synentognathi. Similar scales are also found among the Carangi- 
formes, but in this group they are more delicately constructed and smaller. The 
Eocene scales are more like those of scomberesocid forms. The scales of the long and 
slender Scomberesox of today are small and ellipsoid, the edges are always rounded, 
and they differ noticeably in shape from the large, sharp-edged fossil specimens. 
Greater resemblance is seen in the arrangement of the circuli, the central circuli being 
parallel in Scomberesox and the nucleus hardly distinct; the basal circuli are coarse, 
with the apical ones becoming progressively finer. In the Recent genus the circuli 
do not show irregularities toward the outer margin as in the fossil. It is quite con- 
ceivable, however, that such irregularities existed in related forms, and that the 
larger size and different shape of the fossils are responsible for such differences as 
are shown by the circuli. The scales of Scomberesox are comparatively robust, as in 
Praescomberesox. 

The type B scales show considerable resemblance to those of type A, and their 
differences are probably due to differences in position on the body. Nearly all genera 
of the order Synentognathi show a distinct differentiation between the scales of the 
upper and lower parts of the body. 

Since no further information is available to assist in the classification of this Eocene 
form, it is tentatively regarded as having a relationship with the Scomberesocidae. 


Family HEMIRAMPHIDAE. Hatrseaxs 


Hemiexocoetus eocenicus, n. g. and n. sp. 
(Plate 2, figures 1, 2; plate 3, figure 1; text figure 4) 
Type. No. 10324, Calif. Inst. Tech. Vert. Pale. Coll. Scale 9 mm. long by 10 mm. 
deep. 


Type locality. Seaboard Oil Corp. well, Oro Loma No. 1, at depth between 3170 
and 3200 feet. Kreyenhagen formation. 
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Description. Hemiramphidae and Exocoetidae show a remarkable differentia- 
tion in shape of their scales according to position in dorsoventral direction. Scales 
from different positions on the main part of the body are found in the same relative 
abundance in the geologic sections. The most typical scales of Hemiexocoetus are 
described below, with an indication of their probable position on the body. 

Lateral scale near vertebral spine is illustrated in figure 4a, and in plate 2, figure 2. 
Largest scales on body are rounded to ovoid and show the following variations 
in measurements (in millimeters) of length and depth: ro by 11, 10 by 10.8, 9.8 by 
10, 8 by 7.1, 5.9 by 7.5, 6 by 7.1. Figure 4a depicts outline of typical scale of group; 
plate 2, figure 2, a regenerated scale with smooth center. A variable number of basal 
folds are present, rarely only 1, usually 5, of unequal width (fig. 42). Shape and 
structure of folds very irregular; generally in middle of basal margin, sometimes 
spreading over major part of basal margin; extending to focus of nucleus. Nucleus 
occupies a central area on the scale. It is oyoid in shape, much deeper than long, 


Fic. 4. Hemtexocoetus eocenicus, n. g. and n. sp. (a) Jergins Oil Co. well, Chaney 
Ranch No. 1. X 15. (6) Right side of central circuli. Western Gulf Oil Co. well, Lillis 
Welch No. 1. X 19. 

Kreyenhagen formation. 


with irregular outline. Nucleus divides basal and apical groups of circuli, with 
apical circuli much more closely situated. Circuli of the two groups meet in more 
or less pronounced angles at middle line of scale. Circuli in central area irregular, 
their distances widening; basal circuli follow curvature of folds; external circuli end 
in dorsal and ventral borders; more central ones may or may not join corresponding 
apical circuli. Apical circuli more strictly transverse, more concentrated than basal 
ones, concentration increasing toward apical margin. Regenerated scales not rare; 
showing smooth central part of scale of different size. 

Dorso- or ventrolateral scales (pl. 3, fig. 1) ovoid, comparatively small; measure- 
ments (in millimeters) 6 by 5.1, 4 by 5, 3 by 5.2. All types of variation exist between 
this type of scale and that described above. Usually only 1 basal fold is present, 
basal margin is distinctly scalloped. Nucleus nearly central, surrounded by con- 
centric trapezoidal circuli. Basal circuli transverse in center, strongly curved in fold, 
acutely curved in laterobasal angles; angles between basal and apical circuli regularly 
parallel; apical circuli transverse and crowded. 

Ventrolateral scales (pl. 2, fig. 1) readily distinguished by their length, which is 
greater than the depth: 8 by 6.3, 7 by 6, 6 by 5.3 mm. Three to 4 basal folds usually 


present; a number of transverse and apical radii further divide the scale. Nucleus 
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low, below center; division between basal and apical circuli strongly pronounced. 
The two types of circuli meet in acute angles on a diagonal in lower half of scale; 
central ends of circuli widen irregularly (fig. 42). Apical circuli crowded. 

Small scales of same form and apparently from extremities of body are occasionally 
found. These show smooth centers, irregularly rounded outer circuli, and an 1r- 
regular number of folds on basal border. 

Number of circuli variable. The following values are found in typical specimens: 
in scale 9 mm. long by 10 mm. deep, basal circuli number 11 to 12 in 1 mm. distance, 
apical circuli 38 to 39; in scale 4 mm. long by 5 mm. deep (pl. 3, fig. 1), basal circuli 
18, apical circuli 32; in scale 8 mm. long by 6.3 mm. deep (pl. 2, fig. 1), 10 in 1 mm. 
distance from basal border, 14 near center of basal part, 40 near apical border. 

Occurrence. ‘This scale is abundant in the Kreyenhagen and appears to be evenly 
distributed throughout the formation. It was found in the Western Gulf Oil Co. well, 
Lillis Welch No. 1, at depth from 1087 to 1859 feet and lower; in the Seaboard Oil 
Corp. well, Oro Loma No. 1, between 3170 and 3200 feet; in the Jergins Oil Co. 
well, Chaney Ranch No. 1, at 4278 feet and lower; in the Pure Oil Co. well, Chow- 
chilla No. 1, at 2834 feet and lower; in the Seaboard Oil Corp. well, Gill No. 1, at 
4004 feet; and in the Texas Co. well, Pioneer Unit Plan No. 1, at 8021 feet and lower. 

Relationships. Hemuexocoetus is related to the Hemiramphidae and also to such 
forms of the primitive Exocoetidae as Evolantia microptera. ‘There is no special re- 
lationship to any one form. ‘The majority of scales show distinctly marked acute 
angles where the basal and apical circuli meet along a dorsoventral diagonal. This 
feature is more characteristic of the Hemiramphidae. In the Exocoetidae the circuli 
are more concentric, with median angle hardly distinct. The shape of the relatively 
large rounded scales of Hemiexocoetus agrees more with that of scales of the Exocoe- 
tidae than of the Hemiramphidae. In the latter they are nearly always deep and 
short. The circuli of the apical region are well marked in all the fossils, whereas the 
apical pole in many specimens of modern forms is often smooth or provided with 
only a few widely spaced lines. This may be a primitive feature in Hemiexocoetus, 
the disappearance of the apical circuli in modern scales being due to degeneration. 

The fossil species shows a variety of different types of scales, similar to those seen 
in Recent members of the group, but not identical with those found in any one genus. 
It seems quite clear that Hemiexocoetus is an extinct type, ancestral to some of the 
Hemiramphidae and less advanced Exocoetidae. It may well be a primitive flying 
fish, like Evolantia microptera from the Galapagos Islands, to which it shows some 
similarity. The fishes of related families are pelagic swimmers; some of them go far 
out into the open sea (Breder, 1938, p. 114) and are truly oceanic forms. Others 
are inhabitants of neritic environments. It is interesting to note that Murray (1912, 
p. 747) regarded the Synentognathi as the most numerous surface fish which were 
taken on his southern route over the Atlantic Ocean. The flying fishes are most 
abundant in tropical and subtropical regions. Some genera, however, are found as 
stragglers beyond these zones, for example those which range northward to Point 
Conception on the Pacific Coast of North America. 


Incertae sedis 


A related form with scale 21.2 mm. long by 24.5 mm. deep, Univ. Calif. Mus. 
Pale. Coll., from U. C. locality A3290, was collected in the Upper Eocene Kellogg 
shale in the Mount Diablo area. This single large scale evidently represents a true 


flying fish. 
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ORDER ANACANTHINI 
Family BREGMACEROTIDAE 


Bregmaceros kreyenhagus, n. sp. 
(Plate 1, figure 5) 


Type. No. 10327, Calif. Inst. Tech. Vert. Pale. Coll. Scale 1.2 mm. long by 1 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Oro Loma No. 1, at depth of 3220 feet. 
Kreyenhagen formation. 

Description. Small U-shaped scales, longer than deep or as deep as long. Measure- 
ments (in millimeters) of length and depth vary as follows: 2.2 by 2, 2 by 1.8, 2 
by 1.7, 1 by 0.9. Basal pole truncate, apical pole rounded, nucleus almost central, 
lemon-shaped, and projecting with sharp angle into basal part. Circuli concentrically 
rounded in apical region, corresponding to apical outline of scale. Central circuli 
extend beyond nucleus into basal region, where they straighten and are almost per- 
pendicular to basal border. Outer circuli end abruptly in dorsal and ventral margins. 
Apical part of circuli marked by very fine crosslines; these, however, are not very 
distinct; tubercles present, covering center of scale, in only a few specimens. Basal 
circuli sometimes disconnected in fossil scales (pl. 1, fig. 5). 23 or 24 apical circuli 
in 0.5 mm. distance. 

Occurrence. Abundant scales of this type were found repeatedly in cores from 
the Kreyenhagen formation: in the Seaboard Oil Corp. well, Oro Loma No. 1, at 
depth between 3220 and 3282 feet; in the Western Gulf Oil Co. well, Lillis Welch 
No. 1, at depth between 2082 nin 2100 feet; in une Jergins Oil Co. well, Chaney 
Ranch No. 1, at 4330 feet and lower. 

Relationships. These characteristic fossil scales are easily identified as like the 
scales of the modern Bregmaceros. It is interesting to note that scales of such small 
size can be easily recognized in fossiliferous strata; in the Western Gulf Lillis Welch 
well they actually occur in comparatively coarse sandy shale. The fossil scales were 
compared with scales of B. atlanticus from Tortugas, Florida, and with the descrip- 
tions by Peabody (1931, p. 145). The general pattern of fossil and Recent specimens 
is very much the same. The Kreyenhagen species is readily distinguished from B. 
atlanticus, whereas Peabody finds the two Recent species very similar, except for ex- 
ternal shape. The fossil species has much more crowded circuli than B. atlanticus, 
for in the former there are 11 to 14 circuli in 0.5 mm. distance in the basal part, 
whereas there are 9 to 10 in the Recent form. Similarly, in the apical region there are 
23 to 24 circuli to 0.5 mm. in the fossil, and 16 to 17 in the living species. The basal 
circuli, furthermore, are separated by interspaces in the modern scale, whereas they 
are in touch with each other in the fossil. In the Recent scale the apical circuli have 
heavier cross sections, and larger tubercles are more generally distributed in the cen- 
tral part. It is not certain how these characters compare with those of B. bathymas- 
ter == macclellandii. In Peabody’s drawing the basal circuli appear to be denser 
and the apical circuli are coarser than in the fossil form. 

Bregmaceros is characteristically an inhabitant of medium depths (90 to 300 fath- 
oms) in the open sea. The genus has been taken in shallower water (20 to 40 fath- 
oms) extending to the margin of the neritic zone. Longley (Longley and Hilde- 
brand, 1941, p. 35) assumes that the genus is a bottom dweller, since it has been 
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caught repeatedly in dredges. The young especially have been found near the sur- 
face, however, and the genus is thought to be a surface dweller by some authors. 
Bregmaceros occurs 1n warm waters and has a wide distribution. In the eastern 
part of the Pacific basin it is found off Panama and off the coast of Mexico as far 
north as Acapulco. 


ORDER BERYCOIDEI 
Family POLYMIXIIDAE. Barsupos 


Parapolymixia californica, n. g. and n. sp. 
(Plate 1, figure 6; text figure 5) 


Type. No. 10323, Calif. Inst. Tech. Vert. 
Pale. Coll. Scale 2.8 mm. long by 3 mm. deep. 
Type locality. Western Gulf Oil Co. well, 
Lillis Welch No. 1, at depth from 1087 to 
1106 feet. Kreyenhagen formation. 
Description. Small to medium-sized scales 
with length and depth measurements (in 
millimeters) varying as follows: 4 by 4.1, 
3.9 by 4.1, 3.9 by 3.9, 3.2 by 3.7, 3 by 3.5, 
RP |W BA, B ly Bot, B ly B,D ly DH, Ws} Oy? Aoits 
Basal margin almost straight, apical margin 
broadly rounded, continuous with dorsal and 
ventral margins, anterolateral angle pro- 
nounced. Basal region with an irregular 
- number of folds. These do not reach nucleus, 
but extend from one-third to one-half length 
of basal region; folds stand high and as a 
rule do not come in contact with one another, 
but are separated by an unfolded section of 
circuli. Circuli curved in folded area, but 
not sharply divided into sections as in the 
Fic. 5.  Parapolymixia californica, ™ajority of percomorph scales. In larger scales, 
n. g. and n. sp. Western Gulf Oil Co. folds generally situated in center of antero- 
well, Lillis Welch No. 1. Kreyenhagen basal part. In scales of more normal size, 
formation. X Io. folds distributed irregularly over all of anterior 
part of scale, with the central folds more 
pronounced. Nucleus in center of scale or slightly toward apical end. Circuli re- 
stricted to a part of basal region. Circuli above nucleus incomplete, not reaching 
dorsal and ventral margins, curved, with anterolateral angle not always marked. 
Circuli toward base parallel to nucleal ones in center, continuing toward dorsal and 
ventral borders after a sharp, often angular turn in apical direction, distance between 
circuli widening toward outer margin. Circuli near basal border more or less com- 
pletely transverse, with short curves at dorsal and ventral ends; these circuli separated 
by less distance than central ones; approximately 12 circuli in 1 mm. distance near 
basal border, ro near center of scale, in specimen 3.9 mm. long by 4.1 mm. deep. 
Apical pole provided with at least one series of well defined spines, supported by 
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apical keels in apical ridges. Occasionally a double row of spines can be observed. 
Spines vary in length, evidently not always completely preserved. Scale, when pre- 
served, often clear brown, glossy, sometimes black, with luster of mother of pearl, 
or replaced by pyrite. 

Occurrence. ‘This scale is very abundant everywhere in the Upper Eocene of the 
San Joaquin Valley, and is a good horizon marker for the deeper parts of the Kreyen- 
hagen. In the Jergins Oil Co. well, Chaney Ranch No. 1, it is abundant at 4050 feet, 
and it occurs in the Seaboard Oil Corp. well, Oro Loma No. 1, at 3141 feet and 
deeper. It is also present in the Seaboard Oil Corp. well, Welch No. 1, at 4220 feet 
and deeper; and in the Seaboard Oil Corp. well, Gill No. 1, at 4039 feet and deeper. 
In the Western Gulf Oil Co. well, Lillis Welch No. 1, it occurs from 716 feet down- 
ward and is extremely abundant at 1087 feet. The scale is found also in the Refugian 
stage, and occurs in the Amerada Petroleum Corp. well, Beer No. 1, at depth from 
3557 to 3567 feet, and more frequently in the Eocene at depth from 3927 to 4080 feet. 
In the Texas Co. well, Pioneer Unit Plan No. 1, the scale occurs at a depth of 8021 
feet and deeper; in the Pioneer Unit Plan No. 2, at a depth of 9212 feet. 

Relationships. Parapolymixia has the characters of the specialized scales of the 
Polymixiidae. The Eocene genus shows the characteristic basal folds, arrangement of 
circuli, and position of nucleus of the Recent genus Polymixia. The fossil species 
described here has smaller scales and of more regular shape than in Polymixia; they 
usually present only one row of spines, whereas a number of rows of spines are pres- 
ent in the modern genus. The Polymixiidae are a very specialized group of bery- 
comorph fishes, and are inhabitants of seas of medium depth. Polymixia appears to 
be usually caught in depths from 190 to 350 fathoms, and apparently does not descend 
to very great depths. The range of the family does not extend beyond the tropical 
and subtropical zones. Polymixia is found in the Caribbean Sea off the West Indies. 
It is likewise found off Madeira, off the Hawaiian Islands, and off Japan. It has been 
recorded from Tortugas (Longley and Hildebrand, 1941, p. 52), with 2 specimens 
from 45 to 6q fathoms and 5 specimens from 140 to 197 fathoms. 


Family BERYCIDAE. ALFonsinos 
Beryx san-joaquinensis, n. sp. 
(Plate 3, figure 3; plate 4, figure r; text figure 6c) 


Type. No. 10328, Calif. Inst. Tech. Vert. Pale. Coll. Scale 4.1 mm. long by 3.7 
mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 3570 to 
3597 feet. Tumey formation. 

Description. Scale coarse, rectangularly oblong to elongately rounded; measure- 
ments (in millimeters) of length and depth vary as follows: rectangular scales, 2.9 
by 3.9, 3.1 by 2.1, 3.1 by 3.9, 3.1 by 4, 4 by 4.6; rounded scales, 4.1 by 5, 5 by 5.1. 
Basal part in rectangular scales angular, laterobasal angles well formed; dorsal and 
ventral sides curved as characteristic of genus, but not strongly concave. Smooth 
side showing strong angular growth lines, concentric to external margin. Basal pole 
not folded or weakly folded. Central sector of basal part vertically protruding above 
remaining part of scale. Nucleus above center; coarse circuli present on basal 
part above nucleus, irregularly rounded to elongate, widely spaced, 22 in 1 mm. 
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distance. Laterobasal angle rounded, 
circuli abruptly bent outward above 
the laterobasal diagonal and ending 
in dorsal and ventral margins. Part 
of scale below nucleus smooth. Apical 
region has scattered spines which are 
usually lost with actual scale, but are 
indicated by cavities or by corre- 
sponding elevations when only mold 
of smooth side is present. Some 
spines indistinctly visible at apical 
margin. Elongately rounded scales 
(pl. 3, fig. 3) are probably atypical 


scales of same form: basal part 


C 
W 


NY 
Fic. 6. a, b, Beryx Rcli, n. sp. (@) Diagram 
after type, no. 10329 C.I.T. Scale 4.1 mm. long 
by 4 mm. deep. Richfield Oil Corp. well, K.C.L. 
No. 1. (6) Scale 3.2 mm. long by 4.1 mm. deep. 


Richfield Oil Corp. well, K.C.L. No. 1. Zemor- 
rian stage. 
c, Beryx san-joaquinensis, n. sp. Type, no. 


10328 Cit, Seale ar im, lone ley 347 savin. 
deep. Jergins Oil Co. well, Chaney Ranch No. 
tT. Tumey formation. 


All X 8. 


strongly elevated, circuli rounded, 
occupying upper two-thirds of scale, 
leaving a triangular sector of apical 
pole smooth. Growth lines well 
marked in basal part. 

Occurrence. The scale has been 
found abundantly in the Jergins Oil 
Co. well, Chaney Ranch No. 1, from 
3570 to 3597 feet and also between 
3624 and 3647 feet. 


Beryx eogenus, n. sp. 
(Plate 4, figure 3) 


Type. No. 118, Paleontological Laboratory of the Richfield Oil Corporation, Long 
Beach, California. Scale 4.5 mm. long by 5 mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth between 3570 
and 3597 feet. —TTumey formation. 

Description. Scale rectangular with more or less deeply concave dorsal and ventral 
borders, as in Beryx splendens. Measurements (in millimeters) of length and depth 
vary as follows: 4.5 by 5, 4 by 5 (lateral-line scale), 3.1 by 3.5, 1.5 by 2. Few basal 
folds, if any, projecting as sharp triangles in center of otherwise truncate basal border. 
Growth lines well marked on smooth side of scale. Central sector of basal part 
feebly elevated beyond remaining part of scale. Moderately dense transverse circuli 
present, densest above nucleus, widening toward dorsal and ventral borders. Baso- 
lateral angles rounded, not very well defined. Apical part generally smooth, spines 
restricted to one row at apical border, spines strengthened by apical ridges protrud- 
ing into apical part of scale. 

Occurrence. Scales moderately abundant in the Jergins Oil Co. well, Chaney 
Ranch No. 1, at depth from 3570 to 3647 feet. 
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Beryx kcli, n. sp. 
(Text figure 62, 5) 


Type. No. 10329, Calif. Inst. Tech. Vert. Pale. Coll. Scale 4.1 mm. long by 4 mm. 
deep. 

Type locality. Richfield Oil Co. well, K.C.L. No. 1, at depth from 6443 to 6452 
feet. Zemorrian stage. 

Description. The Lower Miocene form is described here in order to give more 
detailed information concerning the generic characters and for comparison with the 
Eocene forms, which are as yet little known. Scale rather small, rectangular in 
shape; measurements (in millimeters) of length and depth vary as follows: 4 by 5, 
4 by 4, 3 by 3.5, 3 by 2.8, 1 by 1.9. Deeper scales (fig. 64) (3 by 4 mm.) found oc- 
casionally, probably atypical scales of the same form. Basal pole generally with a num- 
ber of strong undulations at its center, folds projecting as sharp triangles beyond an 
otherwise truncate basal border. Apical pole rounded; pronounced concentric growth 
lines visible in basal and apical regions. Growth lines in basal part dividing folds 
or undulations into a number of sections, which form characteristic pattern on cen- 
tral basal sector of scale, and are especially clear on mold of smooth side. Dorsal 
and ventral margins concave. Central sector of basal part vertically elevated above 
remaining part of scale. Dense transverse circuli present in basal part (36 in r mm. 
distance), more or less straight in center, not following undulations and growth 
lines. Central circuli very short, rapidly increasing in length toward basal border, 
bending apicad in laterobasal diagonal, apical ends of circuli more widely spaced. 
Spines irregularly distributed over apical part, spines preserved only when scale it- 
self is present; in impressions of scales, spines are indicated by triangular cavities 
with elevated margins. Rather strong spines indicated in some specimens along 
apical border. Rectangular scales (fig. 64) with central nucleus; circuli transverse 
in basal region, short in center and rapidly increasing in length; one row of spines 
evidently present along apical margin, otherwise smooth. 

Occurrence. ‘This scale is very abundant in the Zemorrian (Temblor) of the 
southern San Joaquin Valley, and is found throughout this stage. It is especially 
abundant in the Richfield Oil Corp. well, K.C.L. No. 1, and in the Union Oil Co. 
well, Gibson No. 7. 

Relationships. ‘The three fossil species described above are nearly related and are 
probably identical with the very distinctive scale of the genus Beryx. Of the Eogene 
forms, B. eogenus comes nearer to the scale of the Recent genus than does the coarser 
scale of B. san-joaquinensis, which may very well represent a different genus. The 
Miocene species B. kcli approaches the modern scale most closely, and description of 
this abundantly occurring species seems advisable, to facilitate recognition of the ge- 
neric characters in these fossil scales. The scales of the genus are evidently very brit- 
tle, and are lost in most instances. If the scale is preserved, the coarse side is at- 
tached to the rock, and the spines are visible only through the scale. Spines in Beryx 
are irregularly scattered over the apical part, being often broken and turned upward 
vertically. ‘Their position is indicated in the drawings by triangles, since it was not 
possible to draw the actual shape, which is only indistinctly seen through the scale. 
Beryx kcli has small scales in which the depth is not quite so great as in Recent Beryx. 
Dorsal and ventral margins are concave, although not so strikingly so as in Recent 
species and as in some of the known Cretaceous forms. The central sector of the 
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basal region is strongly raised vertically, and basal and apical parts are divided by a 
groove which is typical of the genus. Spines, inserted in triangular cavities, are 
scattered over the apical region in the Miocene and Recent forms. Spines are less 
numerous in the Eogene forms and may be restricted to one row in some of the 
scales. Circuli are restricted to the basal part and show the same pattern in B. keli 
and B. eogenus as in modern scales of the genus. They are coarser and more rounded 
in B. san-joaquinensis. The Miocene species shows strong undulations in the basal 
part, whereas in B. splendens only weak folds, if any, are present. In B. eogenus a 
few less pronounced folds are present; none is developed in B. san-joaquinensis. The 
basal undulations, where present, together with the marked growth lines give a 
characteristic pattern of irregular triangular elevations to the fossil scale, which 
make it easily recognizable. 

Beryx san-joaquinensis is readily distinguished from the two other species by the 
very coarse circuli, the absence of folds in the basal part, and the different shape of 
the scales. Beryx eogenus is larger than B. kcli and has slightly coarser circuli and 
fewer basal folds; apical spines are less numerous and the row of spines along the 
apical border is stronger. 

Beryx is a cosmopolitan genus of the warm open seas. Species are known from 
moderate depth (424 fathoms), and others occur in rather deep water. The genus 
is known off Madeira and Cuba, in the Gulf Stream, and off Japan and Australia. 
There seems to be no record from the eastern Pacific Ocean. 

The actual range of the fossil species is difficult to determine. Beryx kcli is very 
abundant in the Lower Miocene of the southern San Joaquin Valley. It may well 
have become extinct by Middle Miocene time. The Eogene B. san-joaquinensis shows 
more primitive characters, indicated by its coarser pattern. It may be restricted to 
the Eocene. Beryx eogenus is related to the Miocene and to modern forms. 


ORDER PERCOMORPHI 
Suzorper PERCOIDEA PERCIFORMES 
Family MORONIDAE. Ware Percues 


Paramorone eocenica, n. g. and n. sp. 
(Plate 3, figure 5; text figure 7a, 5) 


Type. No. 10317, Calif. Inst. Tech. Vert. Pale. Coll. Scale 5.5 mm. long by 5 mm. 
deep. 

Cotype. No. 10319, Calif. Inst. Tech. Vert. Pale. Coll. Scale 3 mm. long by 3 mm. 
deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 3624 to 
3647 feet. Tumey formation. 

Description. Type specimen is a well preserved scale from lateral part of fish; 
external border of apical pole missing, this part being seldom present in fossil per- 
comorph scales. Cotype is a scale from anterodorsal part of fish. Lateral scales 
quadrangular, slightly longer than deep in type. Basal part divided into folds of 
subequal size (7 in type); most central folds extending from basal border to nucleus. 
Basal border almost straight, very little scalloped in region of folds. Nucleus sub- 
apical, surrounded by 3 or 4 concentric circuli, forming a sharp angle toward the 
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Fic. 7. a, 6, Paramorone eocenica, n. g. and n. sp. (a) Nuclear center of type, no. 10317 
CI Jevgins) Oil Cor well} Chaney Ranch No, 1) Cotype, no. 10310) Gls Scalers 
mm, long by 3 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 
XS 20s 

c, d, Kreyenhagenius joaquinensis, n. g. and n. sp. (c) Nuclear center of type, no. 10318 
C.LT. Seaboard Oil Corp. well, Gill No. 1. (d) Cotype, no. 10320 C.1.T. Scale 3 mm. 
long by 2 mm. deep. Seaboard Oil Corp. well, Oro Loma No. 1. Kreyenhagen formation. 


<< 20, 


apical end of the scale. Circuli in dorsal and ventral triangle of basal part coarse, 
almost straight, 21 or 22 in I mm. in nuclear region. Circuli in central basal sector 
much finer, almost twice as numerous, divided into small sections by folds, 31 in 1 
mm. distance at basal border of scale. Central circuli form rounded and wide latero- 
basal angles along diagonals of scales, beyond which they end between or continue 
into the coarser circuli of the dorsal and ventral sectors. Apical pole divided from 
basal part by an almost straight line. Apical part divided into numerous compara- 
tively coarse, vertically projecting radii, 17 or 18 in 1 mm. distance below nucleus. 
Radii more or less straight, showing little ornamentation, subdivided into rectangular, 
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rodlike elements, longer than broad. Spines present only in cotype, stout, little longer 
than broad. Scale folded many times, in regular intervals parallel to borders of basal 
part. These folds do not correspond to annular rings; type scale probably 3 to 4 
years old. Cotype with asymmetric shape and reduced number of folds typical for 
scales of anterodorsal body re- 
gion in this group of fishes, 
otherwise showing characters 
of species. 

Occurrence. Type and cotype 
come from the Jergins Oil Co. 
well, Chaney Ranch No. 1, 
where the scale occurs down 
to 4404 feet. The scale has 
been found elsewhere in the 
Kreyenhagen, and is probably 
not rare at shallower depths 
of the Upper Eocene and 
Oligocene. 

Relationships. ‘The scale as 
compared with the majority 
of Recent percomorph scales is 
characterized by coarseness of 
structure, especially in the 
nuclear region. In general, 
greater coarseness can be con- 
sidered as a primitive charac- 
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Fic. 8. a, c, Lompoquia cf. culveri (Jordan). (a) 
Diagram of scale from Mulholland Highway, Santa 
Monica Mts., Middle Mohnian. X 10. (c) Nuclear 
center of scale from Mulholland Highway, Santa 
Monica Mts., Middle Mohnian. XX 20. 

b, Lompoquma cf. retropes Jordan and Gilbert, from 
Axis Oil Co. well, Rowland No. 1, Delmontian stage, 


ter. Ornamentation. of the 
apical radii also is little de- 
veloped, and the radii appear 
as almost straight lines ver- 
tically projected. A somewhat 
similar structure prevails in 
the living genus Morone, espe- 
cially in the European species 


Upper Miocene. X Io. 

d, e, Cynoscion cf. eprepes (Jordan). (d) Diagram 
of scale from Petroleum Securities Oil Co. well, Bur- 
bank No. 1, McLure shale, Upper Miocene, Upper 
Mohnian. XX 10. (e) Nuclear center of scale from 
Petroleum Securities Oil Co. well, Burbank No. 1. 


< 20, 


Morone labrax (see Meck, 
1916, pl. 10). The nuclear 
structure in Morone is less 
coarse, however, and the basal 
radii are not directed straight 
toward the apical pole, but are 
bent toward the nucleus. 
Paramorone can be considered a distant relative of the existing Moronidae. ‘This 
family lives today along the borders of the ocean, frequently entering brackish water 
and rivers. It is sometimes confined to fresh water. The genus Morone in America is 
restricted to the Atlantic border of the continent. The Moronidae occupy a temperate 
to tropical habitat. The Eocene form did not necessarily have the same habitat, as 
it is only distantly related to modern forms. Percomorph fishes came into existence 
at the end of the Cretaceous and developed rapidly throughout the Tertiary. The 
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developmental changes probably involved changes in environment as well. Pre- 
sumably the Eocene Paramorone lived in coastal waters; it is doubtful whether it 
entered fresh water. 

In the Upper Miocene of California two sciaenid genera, Lompoquia and Cynoscion, 
present the most abundant spiny-rayed fishes. The nuclear structure in these genera 
is considerably finer than in Paramorone, and the apical features are more advanced. 
Figure 8 shows these forms for comparison. 


Family DENTICIDAE. Docs-TEETH 


Kreyenhagenius joaquinensis, n. g. and n. sp. 
(Plate 3, figure 4; text figure 7c, d) 


Type. No. 10318, Calif. Inst. Tech. Vert. Pale. Coll. Scale 5 mm. long by 5.8 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Gill No. 1, at depth of 4051 feet. Krey- 
enhagen formation. 

Cotype. No. 10320, Calif. Inst. Tech. Vert. Pale. Coll. Scale 3 mm. long by 2 
mm. deep. Specimen from Seaboard Oil Corp. well, Oro Loma No. 1, at depth from 
3220 to 3229 feet. Kreyenhagen formation. 

Description. Lateral scales rounded to fan-shaped, deeper than long; type well 
preserved, ends of apical radii missing. Apical part large, measuring one-third length 
of scale in type. Cotype a small scale as found in dorsal and ventral extremities of 
body in these fishes. Basal region divided into a number of folds, 9 in type, their 
basal border extending along entire scale, all folds originating in nucleus, forming a 
typical fan. Basal border weakly scalloped, basal ends of folds projecting in rounded 
curves. Nucleus subapical, divided by a smooth groove from apical region. Nucleus 
marked by circuli overlying it horizontally, these slightly rounded, increasing rapidly 
in width, most central ones coarsest. Circuli become fine toward basal border. 
Horizontal circuli form wide, rounded angles along diagonals of basal region, their 
ends directed toward dorsal and ventral borders of scale in its anterior two-thirds. 
Central circuli divided by folds; 31 circuli in 1 mm. distance starting with lowest 
horizontal one, 48 in t mm. distance at basal border. Circuli in dorsal and ventral 
basal sections of scale that are free from folds are farther apart, but feeble, and of 
varying length, their ends curved outward, directed toward dorsal and ventral borders 
of scale. About 24 circuli in 1 mm. distance in sections dorsal and ventral to the 
nucleus. Groove dividing nucleus from apical region wide and well marked. Circuli 
seemingly not continued beyond groove and around nucleus. Apical region divided 
from basal part by a subtriangular space with lowest point in center. Apical region 
divided into numerous radii, 24 in 1 mm. distance in center. Radii flat, strongly 
projected vertically, subdivided into a number of quadrangles with their dorsal and 
ventral sides rounded to angular. Radii not always developed in atypical scales, or 
not occupying entire apical region, as shown in cotype. Folding of scale around outer 
margin not very apparent. 

Occurrence. ‘This scale was found in the Kreyenhagen of the Seaboard Oil Corp. 
well, Gill No. 1, and in the same formation penetrated by the Oro Loma well No. 1. 
It also occurs in the Jergins Oil Co. well, Chaney Ranch No. 1, at a depth of 4330 
feet and deeper. It is evidently an Upper Eocene scale characteristic of shallow- 
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water deposits. It is rare everywhere in the Kreyenhagen shale where it has been 
found.” 

Relationships. The scale shows no particular resemblance to that of any known 
living form, but seems to be distantly related to the Denticidae. Kreyenhagenius has 
the fan-shaped structure of the scales seen in some members of this family. It dif 
fers in that its outline is rounded, the ends of the folds project less beyond the basal 
margin, and the folds do not have pointed ends. The nuclear structure, character of 
the folds, and central circuli resemble comparable features seen in the Denticidae, 
but the dorsal and ventral circuli, although bent at their ends, do not show the typical 
rounded outward curvature of these structures in the Denticidae and in the related 
Sparidae. Moreover, the dorsal and ventral circuli are farther apart. Kreyenhagenius 
was probably related to the Denticidae or to the primitive Sparidae, and may repre- 
sent an ancestral type featured by the shape of the scale and by the structure of dorsal 
and ventral circuli. Dentex has been found in Upper Eocene marine sediments of 
Europe, and related forms should be expected in corresponding deposits of America. 
The Denticidae are essentially inhabitants of warm climates. Typical sparid scales 
are represented in the Miocene of California by Plectrites and Rhythmuias (see David, 


1943, p. 28, fig. 66; 1944, pl. 5, fig. 50). 


Family >? CHILODIPTERIDAE 


Praegaleagra pupensis, n. g. and n. sp. 


(Text figure 9) 


Iype,  IN@. 10222, Calbit, Ince, edn, Were, lett. 
ee a x Coll. Scale 2.6 mm. long by 3 mm. deep. 


WjZ2-— LK Type locality. Upper Eocene deposits of Texas 
Zaza a= Co. well, Pioneer Unit Plan No. 2, at depth between 
Zim g700 and 9707 feet. Kreyenhagen formation. 


/ \\ : 
Yi Description. Only regenerated scales present, these 


slightly deeper than long. Approximately 7 subequal 
folds in basal part, basal margin scalloped, edges of 
folds rounded; basal radii strong, sectioning circuli, 
Fic. 9. Praegaleagra pupen- not continued into regenerated part. Circuli more 
sis, n. g. and n. sp. Type, no. or Jess concentric with margin of basal part of scale, 
10332 CLT. Scale 2.6 mm. curved in region of folds and continuing around 
long by 3 mm lege, USS precbacell angles, the latter being rounded; dorsal 
Co. well, Pioneer Unit Plan No. i i ‘ 
and ventral sectors of basal part with less crowded, 
2. Kreyenhagen formation. xX - : Aa ae 
22, irregular circuli, in part ending in dorsal and ventral 
margins, 1n part toward apical portion, circuli prob- 
ably more regular in an original not regenerated scale. Nucleus evidently subapical. 
Apical pole smooth, without circuli or ctenoid structures, equipped with one row of 
irregular simple strong spines, projecting vertically in subapical marginal field, in- 
completely preserved. 
Only the type and cotype of this form are known. 
Relationships. It seems difficult to place the small scale that shows the basal struc- 
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* This type of scale has been found to be extremely abundant in the shallow-water deposits 
of the Middle Eocene Llajas formation of Simi Valley. 
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ture of perciform fishes and an apical pole simply equipped with a row of strong 
vertically projecting spines. Somewhat similar scales are found in certain deep-sea 
percomorph fishes, as Galeagra, Bathysphyraenops, and others. All these genera are 
attributed to the Chilodipteridae, and Praegaleagra is tentatively placed in the same 
family. It differs from related genera in the structure and crowded nature of the 
circuli. The scales of Galeagra are much smaller than those in the fossil form; other 
related genera have larger scales. Although the small fossil form is not well known, 
its particular features are sufficiently characteristic to permit a recognition of its rela- 
tionships. 


SuBOoRDER PERCOIDEA CARANGIFORMES 
Family CARANGIDAE. Jacks 


Caranx orolomaensis, n. sp. 
(Plate 1, figures 2, 3) 


Type. No. 10330 Calif. Inst. Tech. Vert. Pale. Coll. Scale 1.8 mm. long by 2 mm. 
deep. 

Type locality. Seaboard Oil Corp. well, Oro Loma No. 1, at depth from 3141 to 
3170 feet. Kreyenhagen formation. 

Description. Scales small, ovoid; typical measurements (in millimeters) of length 
and depth are 1 by 1.2, 2 by 2; elongate scales that measure 4 by 2 mm. are rare. 
Simple, degenerate scales with central nucleus; circuli irregularly rounded, concentric, 
irregularly angular but not symmetrical on both sides of mediolateral diagonal. Oc- 
casionally present are elongate scales with pointed apical pole. Cuirculi coarser at 
one side, probably basal region, 38 to 42 in 1 mm. distance, more numerous at other 
side, 54 to 58 in 1 mm. distance. In larger, elongate scale, 44 circuli in 1 mm. dis- 
tance. 

Occurrence. ‘This scale is not rare in the Kreyenhagen of the Seaboard Oil Corp. 
well, Oro Loma No. 1, at depth from 3141 to 3242 feet. It also occurs in the Kreyen- 
hagen of the Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 1579 
to 1605 feet, and in the Jergins Oil Co. well, Chaney Ranch No. 1, from 4304 to 
4330 feet. 

Relationships. This small scale is not unlike many of the degenerate scales of the 
carangids of today, for example Hemicaranx, Caranx, some members of Seriola, and 
others. Degenerate scales like the fossil, with irregularly rounded circuli that are 
more widely spaced at one side and are irregularly angled, are found in some species 
of the above-mentioned genera, whereas the majority of the carangid forms have 
distinctly symmetrical scales. The counts of the circuli in the fossil form are nearly 
comparable to those of living forms, although in the former the circuli appear coarser. 
The latter appearance may be an optical effect, due to stronger shadows. Scales 
shaped like that seen in plate 1, figure 2 occur also in Recent fishes with the more 
typical rounded ones. Definite generic allocation of the type is difficult with only 
the scale available. It seems best under the circumstances to include it with the com- 
mon Caranx. ‘This form and Hemuicaranx are inhabitants of warm climates. This 
type of carangid scale has heretofore not been found fossil in California. It is dis- 
tinguished from the other known types by its small size and irregularly rounded 
circuli. 


UPPER EOGENE FISH SCALES FROM CALIFORNIA 72 


SuBoRDER SCOMBROIDEI 
Family SCOMBRIDAE. Mackegrets 


Eoscombrus chaneyensis, n. g. and n. sp. 
(Plate 4, figure 2) 


Type. No. 116, Paleontological Laboratory of the Richfield Oil Corporation, Long 
Beach, California. Scale 3.9 mm. long by 3.5 mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 3570 
to 3597 feet. Tumey formation. 

Description. The small ovoid type is the only scale collected so far. Less well 
preserved scales with apical and basal borders parallel may belong to this form. Scale 
simple, radial structure in basal part, fine concentrically rounded circuli in basal part, 
asymmetrically angular in apical part. 19 (near basal border) to 22 circuli in 1 mm. 
distance. Apical part divided into numerous apical radii toward apical border, pro- 
truding toothlike beyond border. Nucleus central, wide, probably regenerated, 
ornamented with indistinct tuberculations. 

Relationships. The type scale shows the very typical characters of the Scombridae, 
with the asymmetrically angular, concentric circuli and the apical radii. As a whole, 
the scale is much coarser than those of the Recent mackerel. 


FaunaL ASSEMBLAGES AND ZONING OF SECTIONS 


Table 1 gives a list of all the species of fish found in the Upper Eocene of the 
San Joaquin Valley. The abundance of individual kinds is given, as based upon 
the frequency of their occurrence in the entire Upper Eocene section of the 
valley. The nearest living relatives of the fossils are indicated, as well as the 
presence or absence of the families and genera in the Miocene. 

The different kinds of fossil fish listed in the table are not equally distributed 
throughout the stratigraphic succession, and several subdivisions are therefore 
distinguishable. Two of these units can be readily recognized in a number of the 
subsurface sections, whereas in others only the lower one of the two is present. 
Furthermore, two zones may be determined within the latter. The first one of 
these may be subdivided in some cases. The chart, figure 10, attempts to estab- 
lish a correlation between the occurrences of the fossil material of Kreyenhagen 
age, and shows the frequency of occurrence of the more abundant forms. It 
should be remembered that only a limited number of samples are available for 
scale study from most of the wells, and this limitation is responsible for the gaps 
in the sequence of samples shown in the chart. The information concerning 
fossil scales thus far obtained from the Kreyenhagen is incomplete. It seems 
entirely possible that more information can be obtained from some of the wells. 
In the Seaboard Oil Corp. well, Oro Loma No. 1, and in the Seaboard Oil Corp. 
Gill and Welch wells only the core samples indicated in the chart were available 
for study, although considerable coring was actually done. 

No fossil scales were collected by the writer in surface outcrops of the Kreyen- 
hagen. formation. However, material made available from the Kreyenhagen of 
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the North Coalinga district (Cantua-Salt Creek-Domengine region), Fresno 
County, corresponds well to that determined in the well cores. Zones Fi 1 and 
Fj 2 are well represented. 


TABLE 1 


LisT OF FAMILIES, GENERA, AND SPECIES OF FISHES FROM LOWER OLIGOCENE AND 
Upper EocENE DEPOSITS, SAN JOAQUIN VALLEY, CALIFORNIA 


Occurrence in 


Tima, cane ilapect NS Se ON 
Miocene Oligocene 

Garchanidacrrausce ssh nancies le: Supa + + 

GAISOGERCIOP Fo ocsococastoodccs R o ; Galeocerdo 
Dussumicnidacneyrrerer Tare te: + oF 

Pseudoetringus kreyenhagius..... A ae ? 
@lupeidaewa nursed: 5 tee 0 ee + + 

Wisslerius sardinelloides......... A Sardinella 

? Alosa ganolytoides............ R es me Alosa? 
Coreconidaeteen: ees es oes fies i AF 

Parastenodus gillensis........... R Stenodus 

BOCITIUNS FOCAL. 6 cb oaec0c0e0005 R on Leucichthys? 
Cy clolepidaem enn me or or eee ber ae 

Cyclolepoides tuberculatus....... AA + ? 
Menon phunalinidacee eee is 

TMVOMMMNS TOSSING, 5 cocccedcccccnce R a ies Chlorophthalmus? 
@ SOOM OARESOOCEG, oocoscaccccodes 

Praescomberesox pacificus....... M ie Be Scomberesox? 
Hlemranp hidaenwerer nee treet 

Hemiexocoetus eocenicus........ AA ee ae Evolantia 
he Silacekotldacnnnn rir i nn hin : 

Bregmaceros kreyenhagus........ A ads 7 Bregmaceros 
Roliyrixai dae ne aside. weecnic cies he: ae 

Parapolymixia californica........ AAA a ox Polymixia 
| BXSVSULCKG EVE. re ie a caldera ’ ih 

Beryx san-joaquinensis.......... AM =| Beryx 

IBIAS COASUNIS. c neces ueoencbooes M a 
Niononidaenyent rand er ek ei sets os 

Paramorone eocenica............ M oy a Morone 
Wembicid tetera ee ? 

Kreyenhagenius joaquinensis..... M Ke ? Dentex 
mChilodiptendacner ene aa eae 

Praegaleagra pupensis........... R Galeagra? 
Carangvidaen wie atven. vase. hha Te 

Caransxqorolomaensisnseee nen M oe i Caranx 
SCOmmy nid aces a. ce et as wee ee vec bie + St 

Eoscombrus chaneyensis......... R oh a Scomber 


*R, rare; M, moderately represented; A, abundant; AA, very abundant; AAA, extremely 
abundant. 


Three distinct fish-scale assemblages are recognized as a result of the studies 
of the well-core samples. In the stratigraphic sequence from top to bottom these 
are designated Fi 1, Fi 2 (or Fi 2a and Fi 26), and Fi 3. They are described 
individually as follows: 
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Assemblage Fi 1 


The upper assemblage is of Oligocene age and is characterized by an abun- 
dance of the clupeoid fishes Pseudoetringus and Wisslerius. Either form may 
occur in abundance; sometimes both are found, sometimes only one. Praescom- 
beresox and Cyclolepoides are present, and Paramorone may be characteristic. 
Other types are occasionally present. This assemblage is clearly represented in 
the uppermost Kreyenhagen of the Jergins Oil Co. well, Chaney Ranch No. 1, 
where Wisslerius abounds. Here berycid fishes are also very abundant. These 
strata correspond to the so-called Leda zone. In the Seaboard Welch well at a 
depth from 4oco to 4100 feet clupeoid fishes are well represented. The Salt 
Creek section also shows this assemblage clearly; in its upper 200 or 300 feet 
Pseudoetringus is by far the most abundant fossil. Wasslerius, Paramorone, 
and Hemiexocoetus ? occur. In the Seaboard Gill well the zone is less clearly 
marked, from 3800 to 3900 feet. In the Pure Oil Co. Chowchilla well the 


evidence is not clear. 


Assemblage Fi 2 


The top of Fi 2 is marked by a great abundance or dominance of Parapoly- 
mixia. In certain strata this form is the only fish fossil present, and it may 
occur repeatedly, as in the Texas Co. well, Pioneer Unit Plan No. 1. In other 
horizons Hemiexocoetus and Cyclolepoides are found associated with Parapoly- 
mixia, and either one of the former may be fairly abundant. The three genera 
are the most abundant types; other forms may appear, but never in significant 
numbers. Fi 2 is the most characteristic assemblage of the Kreyenhagen wher- 
ever this formation occurs. The position is clearly indicated in the wells shown 
in figure 10. The characteristic scales of this assemblage occur in some wells in 
a stratigraphic sequence of considerable thickness. That part of the assemblage 
which is featured by a dominance of Parapolymixia appears to correspond to the 
top of the zone (Fi 2a) and of all strata of Eocene age. It is underlain by strata 
in which the occurrence and frequency of the three principal forms varies, and 
Parapolymixia is not necessarily present (Fi 2). In the Salt Creek section Fi 2 
is found in the lower part of the stratigraphic succession within a thickness of 
150 feet or more. 


Assemblage Fi 3 


In a number of wells faunal changes, indicated by the fossil fish scales, are 
noticeable in the samples from the lowest Kreyenhagen. Abundant specimens of 
Bregmaceros were found in these wells. This fish has not been observed in 
higher horizons. Caranx is also moderately abundant at this stage, but not 
higher. Kreyenhagenius occurs, and Cyclolepoides, Praescomberesox, and 
Hemiexocoetus are present in moderate numbers. 


The zoning attempted above is based on a limited number of samples. It 
will probably undergo change and refinement with the acquisition of further in- 
formation. The distinction between Fi 1 and Fi 2 appears to be clearly estab- 
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lished in all sections where both assemblages occur. Fi 2a, Fi 26, and Fi 3 can- 
not be readily differentiated in all sections. 


Ecotocic SIGNIFICANCE OF KREYENHAGEN FIsH SCALES 
Bathymetric Conditions 


The fossil fish-scale assemblages found at different horizons of the Kreyen- 
hagen formation reflect the presence of varying bathymetric conditions. Slight 
changes in the environment furnish a plausible explanation for the sequence of 
scale assemblages in the Upper Eogene. Fi 1 was deposited in a neritic environ- 
ment. In support of this view may be cited an abundance of herrings, presence 
of percomorph fishes as well as Synentognathi and Beryx, and the rare occur- 
rence of an Iniomi. A deep neritic habitat appears to be the most likely place of 
accumulation for this faunule. Doubtless a much greater variety of types will be 
found when the assemblage is better known. 

In the larger part of the Kreyenhagen shale occurs Fi 2, which furnishes a 
very peculiar and interesting assemblage. Three genera are represented in the 
main: Parapolymixia, a scale very much like that of the living barbudo; Hemz- 
exocoetus, a primitive flying fish; and Cyclolepoides, related to the salmons. 
These are the most characteristic Upper Eocene scales from the San Joaquin 
Valley, and they are found in all well cores taken from the Kreyenhagen for- 
mation. It appears likely that they are characteristic of other Upper Eocene 
deposits in California. A few similar scales are known from the Kellogg shale of 
the Mount Diablo region. A bathypelagic environment of medium depth is a 
likely place for a common occurrence of these three forms in such large numbers, 
generally unaccompanied by other types. The Hemiramphidae and the Exo- 
coetidae, to which families Hemiexocoetus shows relationship, are pelagic, with 
members living in either neritic or oceanic environments. Some of these fishes 
swim far out in the ocean. Cyclolepoides is a salmonoid fish of unknown re- 
lationships. Its habitat is difficult to determine. It is known, however, that 
feeding salmon of today frequent the water of the open ocean, as well as that 
adjacent to the coast. Both forms therefore might be expected far out in the 
open sea, beyond the province inhabited by the majority of neritic fish. Further- 
more, oceanic currents may transport to sea the scales held in suspension, their 
final resting place depending on the rate of settling of such scales. The most 
diagnostic scale is that of Parapolymixia, which occurs abundantly and with 
regularity. Polymixia, although occasionally caught nearer shore, is essentially 
a fish of medium depths (150 to 350 fathoms) and evidently does not descend to 
greater depths. A bathymetric zone of medium depth was apparently the scene 
of accumulation of the principal assemblage from the Kreyenhagen. It repre- 
sents an environment in the depth of the oceanic province beyond reach of 
neritic forms. Deposition did not occur at greater depth, however, and probably 
a depth beyond 400 fathoms was not reached. The Kreyenhagen formation is 
considered to have accumulated in a marine trough of north-south extension. 
The sediments in which the Fi 2 scale assemblage occurs may well have been 
deposited in the central and deepest part of such a large marine province. 
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Fi 3 is recognized in a few thin sections at the base of the stratigraphic column. 
This assemblage shows an increase in variety of forms. The strata continue 
farther down as sandy or silty beds which are barren or in which the scales are 
poorly represented. This assemblage was deposited in shallower water than that 
in which Fi 2 accumulated. It still represents, however, a bathypelagic habitat, as 
is shown by the abundance of Bregmaceros. 


Temperature 


All the families and genera found in the Kreyenhagen and still existing today 
live principally in tropical seas, although some are also represented in temperate 
waters. There are no forms present that are restricted to temperate water, but 
a number of genera are known only from warm seas, for example, Galeocerdo, 
Bregmaceros, Polymixia, and Caranx. ‘The evidence thus strongly suggests that 
a warm climate prevailed at the time of the Kreyenhagen deposition. 


CoMPARISON WITH CALIFORNIA Fossi_t Fish ASSEMBLAGES 
oF Post-EocENE AGE 


Of the 16 families found thus far in the California Eogene, 10 are known from 
the Miocene (see table 1). Of the 18 genera, only 3 are found in the Miocene, 
and these occur only in the lowermost formations of that epoch or in the Mio- 
Oligocene. None of the genera is known from Californian deposits of an age 
older than Eocene or younger than Miocene. The Oligocene fauna is little 
known, but is likely to show similarity to that of the Eocene. The differences 
that exist between the Eocene and Miocene fish faunas are probably due in large 
measure to difference in temperature. Differences in geographic location of the 
majority of the Eocene deposits must likewise be considered in accounting for 
the faunal changes which ensued with:the coming of Miocene time. 


CorRELATION OF FisH SCALES AND FORAMINIFERA 


On the basis of foraminifers, Laiming (1941) divided the Kreyenhagen into 
three zones, Ar to A3 inclusive. According to him: “Az is characterized by 
the common occurrence of Plectofondicularia jenkinsu restricted to this zone, 
and associated with Planularia markleyana, Eponides pygmaea, and Robulus 
welchi.” Furthermore: “Az is characterized by the restricted occurrence of 
Uvigerina churchi associated with Uvigerina garzaensis, Bulimina corrugata, 
Gyroidinia orbicularis var. planata, and Plectofrondicularia packard.” Addi- 
tional foraminifera are recorded from the lower part of A2. Zone A3 is recog- 
nized in only a few sections, and none of these is included in the material studied 
for the present report.* 

The relation of the horizons containing the fish-scale assemblages to the forami- 
niferal zones appears to be as follows: The principal part of the section in 
which fish scales are preserved (Fi 2) corresponds either to zone Ai or un- 
differentiated Az and Az, but is younger than typical A2. Fish assemblage Fi 3, 


’ Information concerning foraminiferal zones furnished by Boris Laiming in letter dated 
May 19, 1943. 


UPPER EOGENE FISH SCALES FROM CALIFORNIA 79 


in so far as it is present and determinable, may correspond to A2. Quite often, 
however, A2 is situated in the lower part of the section, in which fish scales are 
not present or are at best poorly preserved. Bregmaceros, a fish characteristic 
of Fi 3, has one of the smallest known types of fish scale and may be readily 
overlooked. At other localities in the Kreyenhagen, fish scales occur higher 
in the section than the established foraminiferal zones, and the foraminifera 
are sparsely represented. That part of the section in which fish-scale assemblage 
Fi 1 occurs is considered by students of foraminifers as representing the Tumey 
formation, of Lowermost Oligocene age.* 
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PLATE I 


EOCENE SCALES, SAN JOAQUIN VALLEY, CALIFORNIA 


Fic. 1. Iniomus fossilis, n. g. and n. sp. Type, no. 10333 C.I.T. Scale 4.1 mm. long by 
4 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 

Fic. 2. Caranx orolomaensis, n. sp. Elongate scale 4 mm. long by 2 mm. deep. Sea- 
board Oil Corp. well, Oro Loma No. 1. Kreyenhagen formation. 

Fic. 3. Caranx orolomaensis, n. sp. Type, no. 10330 C.I.T. Scale 1.8 mm. long by 
2mm. deep. Seaboard Oil Corp. well, Oro Loma No. 1. Kreyenhagen formation. 

Fic. 4. Pseudoetringus kreyenhagius, n. g. and n. sp. Smooth side of scale 5 mm. long 
by 5.1 mm. deep. Pure Oil Co. well, Chowchilla No. 1. Kreyenhagen formation. 

Fic. 5. Bregmaceros kreyenhagus, n. sp. Coarse side of scale 2 mm. long by 1.2 mm. 
deep. Seaboard Oil Co. well, Oro Loma No. 1. Kreyenhagen formation. 

Fic. 6. Parapolymixia californica, n. g. and n. sp. Type, no. 10323 C.I.T. Smooth side 
of scale 2.8 mm. long by 3 mm. deep. Western Gulf Oil Co. well, Lillis Welch No. 1. 
Kreyenhagen formation. 
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PLATE 2 


Upper EocENE scALES, KREYENHAGEN FORMATION, SAN JOAQUIN VALLEY, CALIFORNIA 


Fic. 1. Hemuiexocoetus eocenicus, n. g. and n. sp. Scale 8 mm. long by 6.3 mm. deep. 
Western Gulf Oil Co. well, Lillis Welch No. 1. 

Fic. 2. Hemuiexocoetus eocenicus, n. g. and n. sp. Coarse side of regenerated lateral scale 
9.8 mm. long by 10 mm. deep. Seaboard Oil Corp. well, Gill No. 1. 

Fic. 3. Praescomberesox pacificus, n. g. and n. sp. Cotype, no. 10326 C.I.T. Scale 4.1 
mm. long by 7 mm. deep. Western Gulf Oil Co. well, Lillis Welch No. 1. 

Fic. 4. Cyclolepoides tuberculatus, n. g. and n. sp. Glossy side of scale 2 mm. long by 
2.8 mm. deep. Western Gulf Oil Co. well, Lillis Welch No. t. 

Fic. 5. Cyclolepoides tuberculatus, n. g. and n. sp. Coarse side of scale 4 mm. long by 
2.5 mm. deep. Western Gulf Oil Co. well, Lillis Welch No. 1. 


PLATE 3 


EOGENE SCALES, SAN JOAQUIN VALLEY, CALIFORNIA 


Fic. 1. Hemuiexocoetus eocenicus, n. g. and n. sp. Scale 4 mm. long by 5 mm. deep. 
Seaboard Oil Corp. well, Gill No. 1. Kreyenhagen formation. 

Fic. 2. Praescomberesox pacificus, n. g. and n. sp. Scale 8 mm. long by 7 mm. deep. 
Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 

Fic. 3. Beryx san-joaquinensis, n. sp. Scale 5.75 mm. long by 5.6 mm. deep. Jergins 
Oil Co. well, Chaney Ranch No. 1. Tumey formation. 

Fic. 4. Kreyenhagenius joaquinensis,n. g. and n. sp. Type, no. 10318 C.I.T. Scale 5 mm. 
long by 5.8 mm. deep. Seaboard Oil Corp. well, Gill No. 1. Kreyenhagen formation. 

Fic. 5. Paramorone eocenica, n. g. and n. sp. Type, no. 10317, C.1.1. Scale 5.5 mm. 
long by 5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 
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PLATE 4 


EOGENE SCALES, SAN JOAQUIN VALLEY, CALIFORNIA 


Fic. 1. Beryx san-joaquinensis, n. sp. Scale 4mm. long by 4.9 mm. deep. Jergins Oil Co. 
well, Chaney Ranch No. 1. Tumey formation. 

Fic. 2. Eoscombrus chaneyensis, n. g. and n. sp. Type, no. 116 Richfield Pale. Lab. 
Scale 3.9 mm. long by 3.5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey 
formation. 

Fic. 3. Beryx eogenus, n. sp. Type, no. 118 Richfield Pale. Lab. Scale 4.5 mm. long by 
5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 

Fic. 4. Parastenodus gillensis, n. g. and n. sp. Type, no. 110 Richfield Pale. Lab. Scale 
5.2 mm. long by 3.9 mm. deep. Seaboard Oil Corp. well, Gill No. 1. Kreyenhagen forma- 
tion. 

Fic. 5. Beckius plicatus, n. g. and n. sp. Type, no. 111 Richfield Pale. Lab. Scale 4.5 
mm. long by 4.5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1. Tumey formation. 
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Upper Cretaceous Fish Remains from the 
Western Border of the San Joaquin Valley, 
California 


INTRODUCTION 


The only previously recorded Cretaceous fish fossils from California are four 
scales described by Cockerell (1919). These represent three types, Chicolepis 
punctatus, Pomolobus? chicoensis, and Erythrinolepis chicoensis, from the 
Moreno formation on the south side of Ortigalito Creek; and one additional 
form, Echidnocephalus? pacificus, possibly from the Moreno between Little 
Panoche and Ortigalito creeks in the middle Coast Ranges. Fortunately a much 
more considerable amount of Cretaceous fish fossil material is available for the 
present report. Most of this comes from oil-well cores from the middle San 
Joaquin Valley. 

Only a limited number of: localities yielded materials for study; this fact is 
the more unusual in that Cretaceous deposits are widespread in the state. Even 
so, the present collection does include many well preserved forms, some of which 
occur in great abundance. Fortunately the total collection gives a representative 
cross section of the piscine fauna and comprises such families as might be 
expected. A satisfactory representation of the genera likewise is found. The 
more important members of the Upper Cretaceous fish faunas of California 
appear to be found among forms from Panoche Creek, and these may well 
serve as a foundation for future studies of related fish types. 

Considerable difference prevails between the fishes of the Cretaceous and 
those of the early Tertiary. Cockerell (1919, p. 169) emphasizes this fact when 
he states: “It ought to be possible as a rule to distinguish a Cretaceous from a 
Tertiary deposit by means of a single well preserved fish scale.” Since the re- 
lationships of extinct Cretaceous forms to existing fish cannot be ascertained in 
_ many instances, an interpretation of the ecological conditions during the time 
of accumulation of Cretaceous faunas must be made with caution. If large 
assemblages are considered, however, it seems likely that some pertinent sug- 
_ gestions will be feasible. Considerable interest is being shown by geologists in 
the California Cretaceous, and investigation of Cretaceous fish may throw light 
on sedimentary problems and assist in the correlation of the marine deposits of 
this period. The present studies are regarded as only a beginning in this 
direction. 

Many Cretaceous fish faunas are known from other parts of the world. Of 
these the more important are: English chalk (Woodward, 1902-1911), West- 
phalia (von der Marck, 1863, 1876; von der Marck and Schlueter, 1865-1868), 
Saxony (Geinitz, 1863), Bohemia (Fritsch, 1878), Mount Lebanon, Syria (Davis, 
1887; Hay, 19034; Woodward, 1942), various parts of North America (Hay, 
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1903b, 1929; Cockerell, r919), and Brazil (Jordan and Branner, 1908; Woodward, 
1907; Maury, 1930, 1936). These faunas are known for the most part by 
skeletal remains. In Geinitz’ paper (1868) scales are occasionally shown. 
Scales, when preserved in association with and overlying skeletal material of fish, 
cannot be clearly recognized. In many cases, therefore, it is not certain whether 
a particular scale belongs to a type of fish described on the basis of skeletal re- 
mains. Careful comparison with known material may in time furnish definite 
proof of association. Cretaceous fish remains from North America and England 
are almost invariably fragmentary, whereas in Westphalia and in the platy chalk 
of Mount Lebanon complete fish are well preserved. 

The present report, for the most part, describes fossil fish remains that occur 
in cores of oil wells drilled along the west side of the San Joaquin Valley, near 
Chowchilla and Panoche Creek. Only a single set of samples was used from each 
well. Each of these had been utilized previously in a study of the fossil fora- 
minifera. Most of the fish remains occurring in the well cores are scales, although 
bones of gill covers, vertebrae, and teeth are found occasionally. For the most 
part only the scales have been studied. This material is described in the hope 
that use may be made of it in stratigraphic investigations. A detailed comparison 
and correlation of the Californian forms with fish types known from Cretaceous 
deposits in other parts of the world will doubtless be made in the future. 

Most of the new genera are named for micropaleontologists of California. 


AVAILABLE MATERIAL 


The core samples in which the fish remains occur were taken from the fol- 
lowing wells: (1) Jergins Oil Company, Chaney Ranch No. 1, Panoche dis- 
trict, Sec. 29, T. 14 S., R. 13 E., Mount Diablo base line and meridian, total depth 
9284 feet; (2) Western Gulf Oil Company, Lillis Welch No. 1, Firebough dis- 
trict, Sec. 26, T. 15 S., R. 12 E., Mt. Diablo B. and M., total depth 5624 feet; (3) 
Pure Oil Company, Chowchilla No. 1, Chowchilla district, Sec. 7, T. 10 S., R. 
14 E., Mt. Diablo B. and M., total depth 8387 feet. Included in the report are 
also some large fish remains found in the Moreno formation of the Panoche 
Hills. From these deposits have come also remains of mosasaurs and plesio- 
saurs. 
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DEscrIPTION OF FisH FAUNA 


ORDER SELACHII 
Family LAMNIDAE. Mackeret SHARKs 


Corax sp. 
(Text figure 1) 


A small shark’s tooth of the genus Corax was found in the 
Jergins Oil Co. well, Chaney Ranch No. 1, between the depths 
of 6206 and 6215 feet in the Moreno shale. The specimen 
measures 5 mm. in length, including the root, and 3.2 mm. 
in width. 

The tooth is moderately broad; crown almost erect, moderately 
convex, emarginate at the base. Cutting edges serrated; serra- 
tions much stronger on straight edge than on indented side. 


(Ee 


This form seems to be distinguished from known species of 
the genus by a slightly different shape; one side is strongly 
indented and the other is concave. It differs also in having a 
very long, bifurcated root, and in having strong serrations on 
one side only, the opposite edge, including the indentation, 

: t tap to bel 
jeraine OW Co. being only feebly serrated. The tooth does not appear to elong 
to any known form, and probably represents a new species. 
well, Chaney Ranch : ; 
No. &, at dep Since Corax is not otherwise known from California, and since 
PR Ae 6215 only one specimen has been found so far, it does not appear 
feet. Moreno for- advisable to establish a new type. Corax is typical of the 
mation, Cretaceous, but occurs occasionally in the Eocene. 


Gielen CO7ALESD: 
Tooth 5 mm. long 
by 3.2 mm. wide. 


ORDER HOLOSTEI 
Family PACHYCORMIDAE 


Protosphyraena sp. 


A large pectoral fin of this genus, no. 10125, Calif. Inst. Tech. Vert. Pale. Coll., 
was found at C.I.T. locality 355 (north branch of Moreno Gulch, NW. 4 Sec. 11, 
T. 14 S., R. 11 E., Mt. Diablo B. and M.). Protosphyraena Leidy is abundantly 
represented in the Niobrara of Kansas and is known also from the Benton and 
Pierre. 


ORDER OSTARIOPHYSI 
Family ERY THRINOLEPIDAE 


Erythrinolepis cf. chicoensis Cockerell 
(Plate 2, figure 5) 


Description. Specimens show the following variable proportions of length to 
depth (in millimeters): 15 to 13, 13 to 13, 12 to 12.5, 10 to 10. Differences be- 
tween the two sides of a scale are well defined. Outer side smooth except for 
strong, irregular grooves; inner side with very fine circuli, the grooves visible 
only as fine lines. Grooves on smooth side wide, very irregular, originating for 
the most part in region of nucleus, sometimes shorter, broken or anastomizing. 
Majority of grooves in basal region, those on apical part fewer and thinner. Basal 
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Margin sometimes crenated, but more so on distorted specimens. Coarse side of 
scale with very fine concentric circuli, 32 in 1 mm. distance near outer border of 
specimen of 12 mm. diameter (a large number considering the size of the scales 
of this form); circuli somewhat coarser in larger scale. Circuli not recognizable 
in apical region. Fine, irregular tuberculations visible on anterior part of apical 
region; feeble apical radii probably also present. Grooves on smooth side present 
only as simple dividing lines; on coarse side, dividing circuli into foldlike sections; 
these lines are not strong, nor do they project vertically as on smooth side. Nucleus 
above lower third of scale. Scales evidently delicate, thinner than the average 
Cretaceous scale of this size. Scale rarely well preserved; when present it is 
usually preserved as a mold of smooth side, showing the grooves mentioned above 
as strong ridges. 

Occurrence. Erythrinolepis is found nowhere in abundance, but it occurs oc- 
casionally in the Moreno as well as in the Panoche formation in wells in the Big 
Panoche Creek region. The only well preserved specimen comes from a depth 
of 7137 to 7144 feet in the Jergins Oil Co. well, Chaney Ranch No. r. 

Relationships. Cockerell’s species E. chicoensis was established on comparatively 
few specimens from the Moreno formation of Ortigalito Creek. These were not 
available for comparison with the material described in the present paper. It is 
not certain, therefore, that both occurrences represent the same species. Cockerell 
(1919) described another species of the genus from the Mowry shale of Wyoming. 
He considers Erythrinolepis to be most closely related to the Erythrininae, fresh- 
water fishes of South America. 

Scales of the Wyoming Upper Cretaceous species are smaller than the present 
material, the circuli are considerably coarser, and there is a definite difference in 
the structure of the apical region. The latter in E. mowriensis shows a very fine 
circulilike ornamentation into which the coarse circuli of the basal region change 
abruptly. The apical lines have an anteroposterior direction in the middle of the 
apical part and are transverse in the dorsal and ventral sectors of the apical region, 
whence they gradually change their direction toward the anteroposterior central 
lines. This structure of the apical pole is probably not unique in Erythrinolepis 
mowriensis. Indication of a similar structure was observed in Holcolepis trans- 
versus Cockerell. In the latter form it occurs in the nuclear center above the 
region where the coarse apical radii are formed, but is noticeable only in well 
preserved scales. ‘This may indicate relationship between the two scales. In 
typical specimens of H. transversus, however, the basal part is never divided into 
folds as in Erythrinolepis. ‘Typical scales of Erythrinolepis never show an indica- 
tion of the coarse apical structure seen in H. transversus. An apical structure 
similar to that shown in FE. mowriensis is also found in scales of the Heteromi, a 
group far removed from the two genera to which reference has been made. It 
may be a structure shown by a number of primitive forms, including those men- 
tioned above. 

The California scales here described do not show a similar apical structure. The 
apical region has only faint radii and tubercles. The scales resemble those of E. 
mowriensis in having very strong, irregular basal radii, vertically projected on the 
smooth side, but less conspicuous on the coarse side of the scale. This latter char- 
acter seems to be the outstanding feature common to the species of this peculiar 
fossil genus. 

Relationships of the fossil genus are uncertain. ‘There is undoubtedly a similarity 
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to the Recent Erythrininae, but whether this is due to descent or not cannot be deter- 
mined. The Erythrininae have basal radii of the same structure, but differ in other 
characters. The fossil scales do not show a division of their central part into ir- 
regular cells, as is the case generally among the Erythrininae; the structure of the 
apical pole is also totally different. 


ORDER ISOSPONDYLI 
Family PACHYRHIZODONTIDAE 


Pachyrhizodus sp. 
(Plate 1, figure 2) 


Material and location. A number of large skeletal fragments evidently belong to 
this genus. These include: A caudal fin together with the end of the vertebral spine, 
no. 10126, Calif. Inst. Tech. Vert. Pale. Coll., from C.I.T. locality 362, Moreno forma- 
tion of the Tumey Hills. A left half of a jaw, no. 10123 C.I.T., from diatomaceous 
beds in the lower part of Quail Canyon, Panoche Hills, C.I.T. locality 358. A large 
pectoral fin and several jaw fragments, no. 10124 C.I.T., from C.I.T. locality 359, at 
150 feet above base of Moreno in first canyon north of Reptile Ridge. Isolated verte- 
brae of this genus are also present. 

Description of scale. The large scale figured in plate 1, figure 2 may belong to 
this genus. It measures 20.5 mm. long by 23 mm. deep, and was found in the Moreno 
shale of the Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4954 to 
4960 feet. The basal part seems badly squeezed or damaged by small pieces of gravel, 
and no circuli or other structures are recognized. The strengthened basal margin is 
well preserved, however, showing a distinct median notch. The apical pole shows 
well preserved tuberculate radii comparatively near to each other, divided by shallow 
grooves, about 15 in a distance of 5 mm. Upper border of apical pole rounded, 
lower margin partly fragmented, evidently rounded to pointed. Apical radii re- 

semble those found in Holcolepis transversus, but are finer and closer together; the 
tubercles are much smaller and do not protrude as much above the surface of the 
radii. ; 

Discussion. The scale of Pachyrhizodus is said to have tuberculate radii in the 
apical pole comparable to those of Holcolepis, and a smooth basal region. Pachyrhizo- 
dus subulidens (Owen), a small species from the English chalk, as figured by Wood- 
ward (Fishes of the English chalk, 1908), has a scale much longer than deep, whereas 
the California scale is deeper than long. Such proportions, however, may differ con- 
siderably in different species of one genus. 


Family ELOPIDAE. Tarprons anp TEN-POUNDERS 


Holcolepis nodulatus, n. sp. 
(Plate 2, figure 4) 
Type. No. 10333, Calif. Inst. Tech. Vert. Pale. Coll. Scale 13 mm. deep, pre- 


served part 10 mm. long, uppermost border missing. 

Type locality. Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4387 
to 4396 feet. Moreno shale, Upper Cretaceous. 

Description. ‘Type is a mold of coarse side of scale, with greater part of apical 
region of actual scale preserved. About 4 feebly marked basal folds present. Circuli 
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in crescentic lines around nucleus, twice as wide as high; circuli comparatively fine 
in nuclear region, 30 to 32 in r mm. distance, coarser toward outer border, with 22 
in r mm. distance. Nucleus probably near middle of scale, immediately above up- 
permost point of apical section. Apical region broad, occupying basal border com- 
pletely, forming a triangle with its upper angle of nearly 120° directed toward 
nucleus. Apical region composed of coarse tuberculate ridges, slightly less than 5 in 
1mm. Dzisk-shaped nodules spaced on upper surface of ridges, nodules with round 
cavities at their tips. Fine tubercles in area below nucleus and around uppermost 
ends of apical radii, tubercles increasing in size toward apical area, the uppermost 
part of which is more densely occupied with them. Scale pyritized. 

Relationships. he scale is fragmentary along its basal margin; otherwise it shows 
the characteristics of Holcolepis von der Marck. Among the species of the genus it 
appears to have the greatest affinity to H. transversus Cockerell, a form abundant in 
the Benton and Mowry shale of Wyoming and Colorado. Holcolepis nodulatus has 
finer circuli than any other known species of the genus. It is also distinguished by 
the structure of the apical radii, which are quite broad and resemble in this respect 
FH. transversus. The radii are continuous, however, and not as in H. transversus, 
where they are subdivided into overlapping sections, the lower ones sometimes pointed 
at the apical ends in the manner of spines. In H. nodulatus disk-shaped nodules are 
spaced on the apical radii, distinguishing this form from all other known species. So 
far, only the type scale has been assigned to the species. Some of the less well pre- 
served scales attributed tentatively to Erythrinolepis show some similarity to the type 
and may belong here. 

The genus Holcolepis is well known from the Upper Cretaceous of continental 
Europe and the English chalk, as well as from Syria. It was a medium-sized fish 
related to the modern tarpons. 


Holcolepis angulatus, n. sp. 
(Plate 2, figure 6) 


Type. No. 10334, Calif. Inst. Tech. Vert. Pale. Coll. Scale 12.4 mm. long by 14 
mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6654 to 
6663 feet. Moreno shale, Upper Cretaceous. 

Description. Scale almost round, with an average diameter of 13 mm. Basal 
region with a number of very indistinct folds. Circuli very strong, coarse, 17 to 18 
in I mm. distance, curving upward from apical section in half circles to right and 
left and meeting in acute angles in middle of basal part of scale; bisecting line of 
angles not quite in center of scale, but deviating slightly toward ventral side. Sides 
of angles widely curved before meeting in apex. Nucleus above lower two-fifths of 
scale, exactly above center of apical section. Apical part forms a small triangle, with 
upper angle of 60°; comparatively dense tuberculate ridges are present, 12 in I mm. 
distance, 60 in number. Region below nucleus and uppermost point of apical sec- 
tion ornamented with closely spaced tubercles. 

Relationships. Holcolepis angulatus has a large, well characterized scale with 
strong, rounded circuli, distinctly angular in a median diameter, and with dense 
tuberculate apical ridges ornamenting the small triangular apical pole. The new 
species is nearly related to H. pulchellus Cockerell, described from a locality in Colo- 
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rado believed to be of Benton shale age. Holcolepis angulatus is distinguished by 
the robustness of the scale, the coarser circuli, and their pronounced median angles. 


Laimingia plicata, n. g. and n. sp. —TEN-POUNDER 
(Plate 1, figures 3, 4; text figure 2) 


Genotype. No. 10307, Calif. 
nse, ‘edn, Went, Palle, Call, 
Scale 3.2 mm. long by 4.1 mm. 
deep. 

Type locality. Western Gulf 
Oil Co. well, Lillis Welch No. 1, 
at depth from 4436 to 4451 feet. 
Moreno formation. 

Description. Scales quite vari- 
able in shape and _ structure, 
smooth and coarse sides very 
different. Length and depth (in 
millimeters) of ovoid scales, 4.9 
by 5, 4.2 by 5, 3.2 by 4.8, 3 by 4.3, 
DZ | By D2 | By Doit ly B BD lovy 
2.9; of elongate scales, 4.5 by 4, 
4 by 3, 3.9 by 2.9, 3 by 2.5, 2.8 by 
2.5; of rounded scales, 3.1 by 3.9, 
Zr ly Qi, 2 ly 2. Sealles sanalll 
compared with those of other 
Cretaceous forms belonging to 
the family. Largest scales ovoid 


SS 


SS 


Fic, 2. Laimingia plicata, n. g. and n. sp. 
(a) Smooth side of ovoid scale 3 mm. long by 
3.5 mm. deep. Western Gulf Oil Co. well, Lillis 
Welch No. 1, at depth from 4396 to 4400 feet. 
Moreno formation. (4) Mold of smooth side of 
rounded scale, counterpart of specimen shown in 


plate 1, figure 4; 4 mm. long by 4.1 mm. deep. 
Jergins Oil Co. well, Chaney Ranch No. 1, at 
depth from 6605 to 6608 feet. Moreno. forma- 
tion. (c¢) Coarse side of pyritized elongate scale 
3 mm. long by 2.8 mm. deep. Jergins Oil Co. 
well, Chaney Ranch No. 1, at depth from 6437 
to 6443 feet. Moreno formation. (d) Smooth 
side of elongate scale 2.9 mm. long by 2 mm. 
deep. Western Gulf Oil Co. well, Lillis Welch 
No. 1, at depth from 4396 to 4400 feet. Moreno 


(pl. 1, fig. 3; text fig. 2a), prob- 
ably belonging to midlateral and 
dorsal series on anterior part of 
fish. Ventral scales smaller, 
elongate (text fig. 2c, d) to 
moumclad (te ine abs fol ty 
fig. 4). Scales of posterior half 
of body evidently also decrease 
in size; probably of rounded 


type; lateral-line scales small, not 
conspicuous. Basal part of scale 
with robust circuli variously plicated, apical part smooth, central part reticulated. 
Scales comparatively thick, smooth side almost entirely even, marked only by a 
variable number of grooves on basal side which indicate the ridges of the plica- 
tions of the basal folds; three short grooves generally present on apical part of 
smooth side in elongate and rounded scales, these not so well marked as basal ones. 
Ovoid scales with robust, almost completely transverse circuli. Few plications on 
ovoid scales, usually only 2 folds; 12 to 13 circuli in 1 mm. distance in middle part 
of type, 16 to 17 in a larger specimen of 5.5 mm. depth from Jergins Oil Co. well, 
Chaney Ranch No. 1, at depth from 7137 to 7144 feet. Reticulations form a broad 
transverse band throughout width of scale, band deeper in center. Apical region 


formation. 
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completely smooth. Elongate and rounded scales with circuli rounded, 20 to 21 in 
I mm. distance on basal part of scale, turning toward apical region at dorsal and 
ventral margins and approaching each other. About 30 circuli in 1 mm. distance 
dorsally and ventrally to nucleus. Apical region free of circuli. A variable number 
of plications in basal region, usually 3 to 6; plications of variable width; circuli pli- 
cated in acute angles. Reticulation restricted to center of scale. Apical pole smooth 
except for a small number of short longitudinal ridges in its center. In pyritized 
scales the apical region is a deep brown, the upper two-thirds a golden color; scales 
when not pyritized have dark-brown color. 

The new genus is named for Mr. Boris G. Laiming, paleontologist of the Texas 
Company, California. 

Occurrence. ‘This is one of the most abundant scales found in the Upper Creta- 
ceous of the Big Panoche Creek area. Pyritized specimens are often found with Klezn- 
pellia in the Moreno formation and abundantly again in the uppermost Panoche 
with Driverius and Paraberyx. It occurs in the Jergins Oil Co. well, Chaney Ranch 
No. 1, at depth from 6231 to 6300 feet, 6437 to 6616 feet, and 7096 to 7144 feet. In 
the Western Gulf Oil Co. well, Lillis Welch No. 1, it occurs downward from 4375 
feet. A few scales were found at depths from 5010 to 5083 feet in the Pure Oil Co. 
well, Chowchilla No. 1. 

Laimingia is evidently more closely related to Elops, the ten-pounder, than to any 
other of the numerous elopine fishes found in the Cretaceous deposits over the world. 
It shows a similar arrangement of basal and apical poles and central reticulations. 
The circuli in Elops are finer, the plications are rounded and much more numerous, 
and apical radii are present. The majority of the Cretaceous Elopidae seem to have 
much larger scales, similar to those of Holcolepis. Closely related to Laimingia seem 
to be Trissopater Guenther and Rhacolepis Agassiz, both with scales of moderate 
size. Neither of these forms has the strong plications seen in Laimingia. Rhacolepis 
is more primitive than Laimingia and shows less similarity to the scale of Elops; the 
circuli show few plications in the basal region and form very acute basolateral angles; 
the circuli are more widely spaced in Rhacolepis than in Laimingia, but are not so 
coarse. The reticulation markings are more widely spaced than the circuli and are 
arranged in lines. They are not readily distinguishable from the circuli above the 
nucleus. 

Elops, the only surviving genus of this family today, lives in warm seas near shore, 
frequents lagoons, and enters the mouths of rivers. The numerous elopid fishes of 
the Cretaceous probably occupied a wider variety of habitats, and, like the tarpon of 
today, of the related family Megalopidae, were not so restricted to near-shore en- 
vironments. There is not much doubt that they all were inhabitants of warm 
coastal seas. 


Helmintholepis sp. 
(Plate 3, figure 1) 


A very large scale, measuring 16.5 mm. long by 21 mm. deep, was recovered from 
the Jergins Oil Co. well, Chaney Ranch No. 1, at a depth from 6605 to 6608 feet. 
Moreno formation. 

Description. Basal region, where actual scale is preserved, with concentric circuli, 
fine for size of scale (30 in 1 mm. distance at basal margin) and grouped close to- 
gether. Nucleus in or near center of scale. Fine apical radii indistinctly present on 
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mold of original scale; radii wavy, not close together. Basal margin of scale with 
strengthened rim, indented in median line. Smooth side of scale with numerous 
fine tubercles. 

Discussion. ‘This scale is tentatively assigned to Cockerell’s genus Helmintholepis. 
It has similar characters, although the apical radii are more closely set in Cockerell’s 
species H. vermiculatus, and the scales are longer than deep. Some similarity like- 
wise exists between the California scale and that of the large genus Hypsodon. It is 
doubtful to which family Helmintholepis belongs. 


Family ALBULIDAE. LapyrisHEs 


Kleinpellia morenoensis, n. g. and n. sp. 
(Plate 1, figure 1; text figure 3a, 3) 


Type. No. 10304, Calif. Inst. Tech. Vert. Pale. Coll. Scale 7.2 mm. long by 7 mm. 
deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6595 to 
6605 feet. Moreno formation. 


Fic. 3. Kleinpellia morenoensis, n. g. and n. sp. (a) Type, no. 10304 C.I.T. Scale 
7.2 mm. long by 7 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 
6595 to 6605 feet. Moreno formation. (See also pl. 1, fig. 1.) (6) Scale 6 mm. long by 
4.2 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6492 to 6497 feet. 
Moreno formation. (c) Lateral-line shield of Kleinpellia?, 4 mm. long by 3 mm. deep. 
Pure Oil Co. well, Chowchilla No. 1, at depth from 4977 to 5049 feet. Panoche formation. 
(d) Lateral-line shield of Kleinpellia?, 5 mm. long by 8.4 mm. deep. Pure Oil Co. well, 
Chowchilla No. 1, at depth from 4737 to 4751 feet. Panoche formation. 


Description. Scales longer than deep. Measurements (in millimeters) of length 
and depth in typical scales: 7.5 by 6.8, 7 by 6, 6 by 4.2. Two to 4 long basal folds 
present, extending toward apical focus. Folds of irregular width, the central one 
often much broader than others. Basal and apical borders and, to a lesser extent, 
dorsal and ventral borders rounded. Basal border scalloped; scallops slight, rounded. 
Longitudinal circuli present in apical part of scale, rounded toward median line and 
continuing through three-quarters length of scale on outer borders. Circuli com- 
paratively coarse, 17 in 1 mm. distance on scale 7.5 mm. long. Basal part and entire 
middle covered by tuberculations comparable to those found in the living Albula 
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and Dzxonina, but much less regularly arranged. Nucleus apical, surrounded by a 
number of circuli that form almost a complete circle; longitudinal circuli in dorsal 
and ventral parts of apical pole terminate directly in apical border. In Albula and 
Dixonina a thin, smooth border continues scale at apical pole. This border may 
have been lost in the fossils. 

The new genus is named for Mr. Robert M. Kleinpell, paleontologist. 

Occurrence. Kleinpellia is abundant in certain sections of the Moreno formation 
near Big Panoche Creek, and is found occasionally in the Panoche formation. It 
occurs in cores of the following wells: Jergins Oil Co., Chaney Ranch No. 1, at 
depth from 6287 to 6292 feet, and more abundantly between 6437 and 6605 feet; 
Western Gulf Oil Co., Lillis Welch No. 1, at depth from 4436 to 4451 feet; Pure 
Oil Co., Chowchilla No. 1, at depth from 4977 to 5010 feet. Specimens from the 
first two wells were found in the Moreno formation, those from the third well in 
the Panoche formation. Most of the scales were pyritized. 

This scale is more similar to scales of living albulids than any fossil found before. 
The basal border of the scale is not so strongly scalloped, however, and the scallops 
are not pointed. There are differences in the reticulations and tuberculations and in 
the formation of the apical pole, as is mentioned above. The albulids represent primi- 
tive types of fishes among the Isospondyli, the two surviving genera, Albula and 
Dixonina, having been regarded as relict forms of a once more widely distributed 
family. Existence of a variety of albulids in the Upper Cretaceous might therefore 
be expected. It is interesting to note that the California deposits are the first to yield 
true albulid forms for this period. Living Albulidae are known from pelagic regions 
of warm coastal seas. Since the modern forms have retained many of their primitive 
features, it may be safe to conclude that the family occupied essentially the same 
habitat in Cretaceous time as it does today. 


Lateral-Line Shields Tentatively Referred to Kleinpellia 
(Text figure 3c, d) 


Certain bony structures are found occasionally in stratigraphic horizons where 
Kleinpellia also occurs. These show an ornamentation similar to that of the scale of 
Kleinpellia, and may be lateral-line scutes of this form. ‘These structures have dif- 
ferent dimensions; the scutes probably varied in size in the same specimen, decreas- 
ing in diameter toward the caudal end. Measurements (in millimeters) of length 
and depth of individual scutes vary as follows: 5 by 8.4, 4 by 3, 2 by 2.5. 

The largest scute shows the following characters: Posterior end smooth, notched 
in middle line, posterior border of both halves rounded; anterior border almost 
straight or slightly concave, interrupted by very prominent cavity for lateral-line 
channel. Circuli originate at some distance from posterior border, curve forward, 
and are lost anteriorly in a group of densely placed irregular tubercles. This orna- 
mentation closely resembles that found on scales of Kleinpellia. Smaller scutes show 
smooth apical region restricted to middle of apical pole, or missing. Lateral-line 
cavity varies 1n position. 

Occurrence. Moreno formation at depth from 6507 to 6514 feet, Jergins Oil Co. 
well, Chaney Ranch No. 1. Panoche formation at depth from 4737 to 4751 feet and 
from 4977 to 5049 feet, Pure Oil Co. well, Chowchilla No. 1. 
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Family ICHTHYODECTIDAE 


Ichthyodectes sp. 


One small fragment representing not quite half a scale, from the Pure Oil Co. well, 
Chowchilla No. 1, at depth from 4977 to 5010 feet, in the Panoche formation. The 
original scale measured approximately 4 mm. long by 9 mm. deep. The scale shows 
numerous short grooves in the basal region; concentric circuli are present in the basal 
part. The apical part is smooth except for indistinct reticulations. 


Family CLUPEIDAE. HEerrtnes 


Driverius cretaceus, n. g. and n. sp. 


(Plate 3, figures 3, 4; text figure 4) 


e 4 gq 

Fie. 4. Driverius cretaceus, n. g. and n. sp. (a) Scale 3 mm. long by 4 mm. deep. 
Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 5060 to 5065 feet. Panoche 
formation. (4) Scale 3.5 mm. long by 4 mm. deep. Jergins Oil Co. well, Chaney Ranch 
No. 1, at depth from 7130 to 7137 feet. Panoche formation. (c) Scale 3.5 mm. long by 
3 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 feet. 
Panoche formation. (d) Scale 2.2 mm. long by 3.5 mm. deep. Jergins Oil Co. well, 
Chaney Ranch No. 1, at depth from 7086 to 7095 feet. Panoche formation. (e) Scale 3.8 
mm. long by 5.2 mm. deep. Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 
5060 to 5065 feet. Panoche formation. (f) Scale 3.9 mm. long by 5.1 mm. deep. Jergins 
Oil Co. well, Chaney Ranch No. 1, at depth from 7130 to 7137 feet. _Panoche formation. 
(g) Scale 4 mm. long by 7 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth 
from 7086 to 7095 feet. Panoche formation. 


Type. No. 10305, Calif. Inst. Tech. Vert. Pale. Coll. Scale 3 mm. long by 4 mm. 
deep. 

Cotype: No. 10306, Calif. Inst. Wech. Vert. Pale. Coll. Scale 4-1 mm. long by 7 
mm. deep. 

Type locality. Type from Jergins Oil Co. well, Chaney Ranch No. 1, at depth 
from 7137 to 7144 feet. Cotype from the same well, at depth from 7003 to 7009 feet. 
Panoche formation. 

Description. Scales oval, much deeper than long. Measurements (in millimeters) 
of length and depth of typical specimens: 5 by 6, 4 by 7, 3 by 5, 3.5 by 4.25, 3 by 3.5. 
Circuli in basal region almost entirely transverse, basal circuli finer near nuclear area, 
much coarser at lateral margins, 30 to 32 circuli in 1 mm. distance at dorsal margin; 
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34 to 36 in 1 mm. distance dorsal to nucleus in average scale 3 mm. long by 5 mm. 
deep. Three to 9 basal radii, spreading in various directions; apical and basal parts 
of scale divided by a transverse radius. One or 2 paired transverse radii present, 
very rarely more; 1 to 7 longitudinal basal radii directed toward nucleus, their direc- 
tion variable. Apical pole smooth, structureless. One to 3 folds on outer border 
of scale in majority of scales. Ventral scutes, typical of the true herrings, found with 
scales. 

The new genus is named for Mr. Herschel L. Driver, paleontologist of the Standard 
Oil Company of California. 

Occurrence. ‘This scale is extremely abundant in the uppermost layers of the 
Panoche formation in the region of Big Panoche Creek. It occurs abundantly in the 
Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7003 to 7144 feet, and in 
the Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4886 to 5242 feet. 

This species is clearly related to the group of Clupeidae characterized by a long 
tail part, long anal fin, and short head and thoracal part of body. Representatives 
of this group are the genera Pellona, Opisthopterus, Pristigaster, Pliosteostoma. Like 
these, Driverius has oval scales that are deeper than long. Furthermore, vertical 
basal radii are present in variable number and direction, whereas paired transverse 
radii are reduced in number. No close relationship to any one species can be estab- 
lished. Driverius shows similarity to Pliosteostoma lutipinnis, which lives today 
along the Pacific coast of Mexico. In the former type, however, the scale has a 
smooth apical pole, the circuli are more strictly transverse, and the basal radii are 
straighter and differently arranged. All the types belonging to this group of herrings: 


are inhabitants of warm coastal waters, especially near river mouths. 


Bramlettia cf. chicoensis (Cockerell) 


(Text figure 5) 


Pomolobus chicoensis Cockerell (1919). 


Description. Only two scales of this form have been 
found. Basal part of larger one measures 5.5 mm. long by 

8 mm. deep. In this specimen the apical pole is missing. 

7 Smaller scale measures 4 mm. by 4.5 mm. Scale ovoid, 
SS / slightly deeper than long. Circuli almost entirely transverse 
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Fic. 5. Bramlet- 
tia cf. chicoensis 
(Cockerell). Basal 
part of scale 5.5 
mm. long by 8 mm. 
deep; apical part re- 
stored. Pure Oil 
Co. well, Chow- 
Omilla ING, Wt ae 
depth from 4737 to 
4856 feet. Panoche 
formation. 


in basal region; comparatively coarse, but finer in small area 
near nucleus; 24 to 25 circuli in 1 mm. distance near upper 
border of large scale, 36 to 37 in region dorsal to nuclear 
center. Apical and basal parts of scale divided by almost 
straight transverse radius; 2 to 3 pairs of transverse radii 
present, parallel to lower border of basal part. Two lower 
pairs of transverse radii close together, upper one slightly 
oblique and farther removed. Upper two-fifths of basal 
region without transverse radii; a median longitudinal fold 
distinct. 

The new genus is named for Dr. M. N. Bramlette, of the 
U. S. Geological Survey. 

Occurrence. Both scales were found in the Pure Oil Co. 


well, Chowchilla No. 1, in the Panoche formation, at depth from 4737 to 4856 feet. 
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The scale described by Cockerell as Pomolobus chicoensis, from the Moreno forma- 
tion of Ortigalito Creek, may be specifically identical with the scales described above. 
The Panoche Creek form, however, is not comparable to the living Pomolobus. The 
latter is larger than the fossil described by Cockerell and shows a more detailed 
sculpturing. Bramlettia differs from the living Pomolobus in the arrangement and 
in the smaller number of paired transverse radii, and in the large size of that part 
of the basal pole free of such radii. Small scales of Bramlettia chicoensis appear to 
resemble the young of Pomolobus pseudo-harengus, but more clearly defined dif- 
ferences appear in the larger scales. 


Family ENCHODONTIDAE 


Enchodus sp. 


Upper and lower jaws as well as parts of the vertebral column of an enchodontid 
fish, evidently a species of the genus Enchodus Agassiz, were found associated with 
the skeleton of a mosasaur, no. 2750, Calif. Inst. Tech. Vert. Pale. Coll., at C.I.T. 
locality 331, 440 feet above the base of the Moreno formation exposed in NW. '4 Sec. 
36, T. 14 S., R. 12 E., Mt. Diablo B. and M. This fish had served as food for the 


marine reptile. 


Family SALMONIDAE. Satmons 


Natlandia ornata, n. g. and n. sp. 
(Plate 2, figures 1, 3) 
Type. No. 10308, Calif. Inst. Tech. Vert. Pale. Coll. Scale 7.7 mm. long by 5.2 


mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6507 to 
6514 feet. Moreno formation. 

Description. Comparatively large ovoid to round scales, longer than deep. Meas- 
urements (in millimeters) of length and depth vary as follows: 9 by 6.9, 7.2 by 6, 
6.3 by 6, 6.9 by 5.9, 5.5 by 6.1, 5.2 by 4.4, 4.1 by 3.2, 3 by 2.5. No basal folds. Uniform 
concentric circuli occupy basal, dorsal, and ventral parts of scale; apical region almost 
smooth. Nucleus high, situated above center but slightly below upper third of scale. 
Nucleus surrounded by more or less complete circuli that form a keystone or oval 
shape. Circuli thin and widely spaced, becoming increasingly coarser toward outer 
margin. Circuli end abruptly toward apical pole; central ones shortest, increasingly 
longer toward exterior margin of scale, outermost circuli almost reach apical margin. 
Apical region therefore forms a high triangle with acute upper angle, in contrast with 
that in related living scales, where circuli end in almost a straight line toward apical 
region. Twelve to 14 circuli in 0.5 mm. distance in nuclear region, circuli here 
separated by distances greater than their width; 20 to 21 in 1 mm. distance at outer 
margin of scale in type. Circuli very coarse here, closely set. Focal point of scale in 
center of nucleus free of circuli. Ornamentation present in nuclear region, spreading 
toward apical pole, where it is much denser; upper part of apical region often smooth. 
Outer margin of scale often folded 2 to 3 times; posterior border generally broken 
off. Comparatively feeble apical radii may be present toward outer margin of apical 


98 CONTRIBUTIONS TO PALEONTOLOGY 


pole. Some scales show entire center of scale free of circuli; possibly these are re- 
generated or otherwise atypical scales. 

Scale figured in plate 2, figure 1 probably is a lateral-line scale of this species. The 
circuli are finer, however, 27 in 1 mm. distance near outer margin; center of scale 
and apical region free of circuli; short apical radii present, central 2 strengthened. 
This scale may represent a different species, characterized by finer circuli. A number 
of additional scales (length and depth 7 by 6.5, lateral-line scale; 6.7 by 6.2, 4 by 5 
mm.) seem also to show finer circuli than others. These scales seem comparatively 
deeper in proportion to length, but they are never well preserved. Both types occur 
together in the same horizons, and for the time being it does not seem advisable to as- 
sign them to different species. 

The new genus is named for Mr. M. L. Natland, paleontologist of the Richfield 
Oil Corporation, California. 

Occurrence. This form is very abundant in the Moreno and uppermost Panoche 
formations of the Big Panoche Creek area. It occurs in the Jergins Oil Co. well, 
Chaney Ranch No. 1, at depth from 6287 to 7137 feet, and in the Western Gulf Oil 
Co. well, Lillis Welch No. 1, at depth from 4396 to 4789 feet. 

Relationships. The scale shows near relationship to those of the living salmons. 
The arrangement of circuli on basal and apical poles is very similar. The nucleus 
of the Cretaceous form, however, is situated higher; the arrangement and shape of 
the nuclear circuli are different; the circuli also reach farther apicad at the outer margin 
of the scale, and do not show the straight-cut lower border found in Recent sal- 
mons. The Cretaceous scales are thicker and have a coarser ornamentation in the 
form of a reticulation of the apical region, especially marked in the center of the 
scale. This ornamentation is especially marked on pyritized scales, where it has a 
golden color, whereas other parts of the apical pole are a dark, glossy brown. Ich- 
thyologists and geologists would be particularly interested in knowing the individual 
ages these Cretaceous salmons attained, and whether they actually were migratory 
fish as are the living salmons. A statement concerning these questions is difficult 
to make in view of the state of preservation of the fossil scales. There is also no in- 
formation available as to the size of the fish and as to the specific environment in 
which it occurred. Both items are of significance in an attempt to interpret the 
habits of present-day salmon on the basis of scales. Leo Shapavalov, senior fisheries 
biologist of the Division of Fish and Game, State of California, who has devoted 
particular attention to the study of salmon, examined the Cretaceous scales and kindly 
furnished the following statement (letter of April 7, 1943): “The scales are all too 
fragmentary or regenerated for me to feel justified in attempting to state ages. Two 
or three show one or two checks that have the appearance of annuli, but other annuli 
may be obscured or obliterated. In none of the scales do I see sharply differentiated 
growth, as we find in present-day salmon and trout that have spent a part of their 
life in fresh water and a part at sea. On this basis I would say that I have no indica- 
tion that the fish represented by the present scales migrated from fresh water to the 
sea, but I would not state positively that they had not. The more or less uniform 
growth in the different scales indicates that the fish had spent their lives in a similar 
environment.” It is apparent that the environment was marine during the Upper 
Cretaceous time when the sediments containing the fish scales were deposited. Thus 
the conclusion may be reached that the Cretaceous salmon spent their entire life in 
the sea or possibly in-brackish water. It is also likely that the majority of the fossil 
scales are from fish older than 1 year and probably from individuals 2 to 4 years old. 
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Goudkofha delicata, n. g. and n. sp. 
(Plate 2, figure 2) 


Type. No. 10309, Calif. Inst. Tech. Vert. Pale. Coll. Scale 4.2 mm. long by 4 
mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 
7144 feet. Panoche formation. 

Description. Scale rounded to oval, length and depth (in millimeters) 3.1 by 3, 
4.5 by 3, 3.8 by 3. Scales generally very thin and delicate, preserved only under fa- 
vorable conditions, where shale is not too strongly compressed. Basal region almost 
evenly rounded, showing a very faint, irregular folding; 3 to 4 vertical radii present, 
dividing circuli of basal region. Circuli comparatively fine, concentric, rounded in 
basal region, meeting in acute angle in median line of apical pole; 28 in 1 mm. dis- 
tance at outer margin of basal region, those at apical pole much finer, 34 in I mm. 
distance. Nucleus almost central or sometimes above center of scale. Apical pole 
may be continued with smooth triangular part prolonging scale posteriorly into a thin 
appendage; this, however, is folded and not preserved in original condition. 

The new genus is named for Dr. Paul P. Goudkoff, paleontologist, of Los Angeles, 
California. 

Occurrence. he scale is found occasionally in the stratigraphic sequence from 
the Lower Moreno to uppermost Panoche formation of the Jergins Oil Co. well, 
Chaney Ranch No. 1, at depth from 6507 to 7144 feet. 

Relationships. Goudkoffia is not unlike the preceding form except for the smaller 
size, the finer circuli, and the continuation of the circuli into the upper section of the 
apical pole, where they meet in an acute angle. The extreme posterior margin of 
Goudkoffia may be smooth, whereas in Natlandia the entire apical region is free of 
circuli, showing reticulations in places. Goudkoffia is probably a salmon-like fish, 
smaller and more delicate than the preceding form. All living salmon scales are un- 
like Goudkoffia in lacking an apical pole with angular circuli, although a number 
of forms have uninterrupted concentric circuli. Some of the living Anacanthini show 
scales similar to the fossil; all of these are degenerate small scales, much thinner than 
the specimen described here. Anacanthini have not been described from the Creta- 
ceous. 


ORDER INIOMI 
Family CHLOROPHTHALMIDAE 


? Sardinioides californicus, n. sp. 
(Text figures 6, 7) 


Type. No. 10313, Calif. Inst. Tech. Vert. Pale. Coll. Scale 5 mm. long by 6 mm. 
deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6287 to 
6292 feet. Moreno formation. 

Description. Type a comparatively large, thin scale, irregularly twisted and bent 
in rock. Part of ventral edge missing. Other, and for the most part smaller, specimens 
from the same locality and horizon measure (length and depth, in millimeters): 
3 by 2.5, 2 by 1.9, 2.5 by 1.9, 4 by 2; lateral-line scales, probably of same species, 
measure 2 by 2.5, 2.2 by 2.5 mm.; and a single scale, probably of a related species, 
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Fic. 6. ? Sardinioides californicus, n. sp. (a) Type, no. 10313 C.I.T. Scale 5 mm. 
long by 6 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6287 to 
6292 feet. Moreno formation. Scale distorted, spines incompletely preserved. (0) Scale 
4 mm. long by 2 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 
6287 to 6292 feet. Moreno formation. (c) Scale 2 mm. long by 1.9 mm. deep. Jergins 
Oil Co. well, Chaney Ranch No. 1, at depth from 6287 to 6292 feet. Moreno formation. 
(d) Scale 2 mm. long by 2.5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at 
depth from 6605 to 6608 feet. Moreno formation. (e) Scale 3 mm. long by 2.5 mm, deep. 


Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6287 to 6292 feet. Moreno forma- 
tion. 
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Fig. 7. ? Sardini- 
oides sp. Scale 2.2 
mm. long by 3 mm. 


deep. Pure Oil 
Co. well, Chow- 
anil IN@, 2, ati 


depth from 4629 to 
4636 feet. Panoche 
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from the Pure Oil Co. well, Chowchilla No. 1, at depth from 
4629 to 4636 feet, measures 2.2 by 3 mm. Basal region without 
definite folds; circuli in some scales concentric, evenly rounded, 
in others showing definite curvature in 2 or 3 diagonal lines 
through basal part. Circuli restricted to basal part of scale, form- 
ing fine lines, characteristically separated by large distances in 
center of scale and more and more close-set toward outer margin. 
Circuli quite dense at basal margin of type. In figured scales 
(fig. 6) distances do not vary much. In the type there are 13 
circuli in 1 mm. distance at center of scale, 32 at basal margin. 
In the scale shown in figure 7 there are 22 circuli in 1 mm. dis- 
tance. Apical pole smooth, with one row of serrations on its 
margin; these are more or less flat, not well formed spines, and 
form a direct continuation of scale; number and shape of serra- 


formation. 
tions irregular. Lateral-line scales are typical for family and for 


the Iniomi in general: very fine circuli, more or less transverse, restricted to basal 
border of scale, those around center of scale shortening rapidly; circuli directed 
obliquely apicad at dorsal and ventral borders; serrations few and usually in middle 
of apical border. 

Occurrence. ‘The scales described above were found occasionally at several hori- 
zons, nowhere in great numbers. Some occur in the Jergins Oil Co. well, Chaney 
Ranch No. 1, at depth from 6287 to 6292 feet. Lateral-line scales probably of the 
same species occur in the same well at depth from 6605 to 6608 feet, and in the West- 
ern Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4960 to 4965 feet. A single 
scale was found in the Pure Oil Co. well, Chowchilla No. 1, at depth from 4629 
to 4636 feet. 

Relationships. All scales described above belong to the order Iniomi, which in- 
cludes a wholly bathyal group of fishes. All these scales were found in small num- 
bers at ‘different horizons, and it 1s doubtful if they all belong to one species. The 
single scale found in the Pure Oil Co. well, Chowchilla No. 1, probably belongs to a 
different species and may even belong to another family of the order, the Myctophi- 
dae, or lantern fishes. All the remaining scales described probably belong to one 
species. [hey show the typical characters of the Chlorophthalmidae, with widely 
spaced circuli around the nucleus and very fine circuli at the basal margin in the 
larger scales, the circuli being evenly rounded in some scales, curved to indistinct 
folds in others, and the apical border having one row of serrations. Also the lateral- 
line scales (fig. 6d) are typical of Chlorophthalmus. ‘The scales in this genus show 
considerable variation in different parts of the body, and an extreme type is repre- 
sented in figure 7. The latter scale, however, seems to have stronger serrations at 
the apical pole, and the circuli around the nucleus are not so widely spaced. Char- 
acteristic of all these deep-water types of the Iniomi is the fineness of the circuli, rep- 
resenting fine, shallow grooves, quite different from the coarse, elevated ridges seen 
in scales of some of the other families. 

Fishes of the order Iniomi are found abundantly in Cretaceous deposits of other 
parts of the world. Nearly all of these have been attributed to the Myctophidae 
(= Scopelidae). Woodward, however, (1902, p. 33), although assigning the genus 
Sardinioides von der Marck to the Scopelidae, demonstrates its close relationship to 
the Chlorophthalmidae, Chlorophthalmus and Aulopus. The scales found in 
the Moreno of California certainly show a relationship to Chlorophthalmus, and it 
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is not unlikely that the California form is identical with Sardinioides, to which it is 
provisionally assigned. Sardinioides is common in the Upper Cretaceous of West- 
phalia, Mount Lebanon, and the English chalk. No doubt the Iniomi were repre- 
sented by a number of families in the Upper Cretaceous. The genera Sardinius, 
Leptosomus, and Rhinellus are known from Cretaceous deposits of the United 
States. 


ORDER ANACANTHINI 
? SUPERFAMILY MACROUROIDEA 


Rankinia macrouriformis, n. g. and n. sp. 
(Text figure 8) 


Type. No. 10314, Calif. Inst. Tech. Vert. Pale. Coll. 
Scale 4 mm. long by 4.2 mm. deep; slightly bent in 
the rock. 

Type locality. Pure Oil Co. well, Chowchilla No. 1, 
at depth from 5010 to 5048 feet. Panoche formation. 

Description. Scales quadrangular to rounded, deli- 
cate. No definite folds in basal part of scale. Circuli 
bent in laterobasal diagonals and through median line, 

but not very prominently; otherwise basal circuli evenly 
Fic. 8. Rankinia macrouri- rounded and concentric. Nucleus little below center of 
JOOS Wo GY. ME! M, 9B TYPE senile (type shown in figure 8 is shortened in apical 
SPECIE ny aEMOmmETOS TA mm Cele: ‘corel an a Tere ere (erin tae le 
Scale 4 mm. long by 4.2 mm. ae ease on TR P 
deen Pure. Oils Gow well rock). Circuli are fine lines, 26 in 1 mm. distance in 
Chowchilla No. 1, at depth center of scale, distances between circuli much wider 
from 5010 to 5048 feet. Pa- than width of circuli. Circuli in apical pole con- 
noche formation. Dorsoapical tinuous with basal ones, but divided in a series of 
part, bent upward in rock. acutely angled serrations. Apical border serrated fol- 
(Drawn from photograph.) lowing the lines of the outermost circulli. 

The new genus is named for Mr. Wilbur D. Rankin, 

paleontologist, of Los Angeles, California. 

Relationships. Rankinia is a well defined and characteristic type of scale. As yet 
no recent scale has been seen which agrees with it. It seems likely that the fossil 
belongs to the Anacanthini, and it is tentatively referred to the macrouriform fishes. 
Delicate cycloid scales of the type of Rankinia, with circuli in part concentric and 
in part with irregular zigzag patterns, are found in this group among the Bathy- 
gadinae, but the circuli in scales of the latter group seem to be directed perpendic- 
ularly to the apical and basal borders. Many macrourid fishes show a series of ser- 
rations of the circuli in the apical pole and concentric curved basal circuli, showing 
more or less distinctly marked angles in the diagonals of the scale, like those seen 
in Rankinia; but they all either are ctenoid or at least show strong ribbing. It is 
quite possible that Rankinia is an extinct ancestor of some group of the Anacanthini, 
possibly intermediate between Gadoidea and Macrouroidea. For the present, how- 
ever, there is no certain character to prove this relationship. All the Recent fishes 
mentioned above are deep-sea forms. 
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ORDER BERYCOMORPHI 
Family HOLOCENTRIDAE 


Paraberyx californica, n. g. and n. sp. 


(Plate 1, figures 5, 6; text figure g) 


~ 


Fic. 9. Paraberyx californica, n. g. and n. sp. (a) Coarse side of scale 3.1 mm. long by 
4 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 feet. 
Panoche formation. (4) Smooth side of scale 3 mm. long by 3.5 mm. deep. Jergins Oil 
Co. well, Chaney Ranch No. 1, at depth from 7086 to 7095 feet. Panoche formation. (c) 
Smooth side of scale 3.1 mm. long by 3.9 mm. deep. Jergins Oil Co. well, Chaney Ranch 
No. 1, at depth from 7077 to 7086 feet. Panoche formation. (d@) Mold of smooth side of 
scale 2.5 mm. long by 3 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth 
from 7137 to 7144 feet. Panoche formation. (e) Type specimen, no. 10310 C.I.T. Coarse 
side of scale 2.9 mm. long by 3.2 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, 
at depth from 7137 to 7144 feet. Panoche formation. (f) Cotype, no. 10311 C.I.T. 
Scale 2 mm. long by 2.1 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth 
from 7095 to 7104 feet. Panoche formation. (g) Coarse side of scale 1.5 mm. long by 1 - 
mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 feet. 
Panoche formation. (4) Mold of smooth side of scale 3.5 mm. long by 4.8 mm. deep. 
Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7077 to 7086 feet. Panoche for- 
mation. 


Type. No. 10310, Calif. Inst. Tech. Vert. Pale. Coll. Scale 2.9 mm. long by 3.2 
mm. deep. 

Type locality. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 
7144 feet. Panoche formation. 
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Cotype. No. 10311, Calif. Inst. Tech. Vert. Pale. Coll. Scale 2 mm. long by 2.1 
mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7095 to 7104 
feet. 

Description. Scales small, oval to semirounded, larger scales fan-shaped, very 
small ones quadrangular. Average scale sizes (length and depth, in millimeters): 
BAD) ls 5, 20) lOn7 AL, BA ly AL, Bare lov? BO, 2 lO Aoiiy Dot ly QB, UO ly 2, Toy ly Lo. wo tt 2 
very pronounced folds pass through basal part of scales, deeply scalloping the basal 
margin; these extend almost through entire scale to subapical nucleus. Circuli 
coarse and close-set, 30 in 1 mm. distance in central part of type, 28 in apical region 
of a larger scale, 38 toward basal margin in the same specimen. Basal circuli trans- 
verse, slightly curved, ending at ventral and dorsal margin of scale; circuli more 
curved toward apical region, most central ones form half circle around nucleus and 
end near apical border. Marginal ends of circuli sometimes straight, generally 
curved upward (pl. 1, fig. 5). All circuli follow curves of central folds; course of 
circuli in basomarginal region variable, following exterior shape of scale. In smaller 
scales, only the stronger curved central circuli present. Nucleus very low, almost on 
apical border. Apical part restricted to posterior border, which is smooth and free 
of circuli, equipped with a row of strong, compact spines. Apical margin corrugated 
where spines are attached. Apical margin thickened with an elevated rim on smooth 
side of scale (pl. , fig. 5; text fig. 9b, c). Outer margin of scale folded concentrically 
with 2 or 3 or more folds; these folds partly due to annual growth of scale, folding 
evidently increased by compression of scale in rock. Dividing line of vertical folds 
indented on smooth side of scale (pl. 1, fig. 5). Atypical scales of the form show 
center free from circuli and surrounded by large oval lines, the folds marked only in 
marginal basal region. 

Occurrence. This scale is extremely abundant in the horizons in which Driverius 
cretaceus occurs, that is, mainly in the uppermost strata of the Panoche formation in 
the Big Panoche Creek area. Numerous specimens have been preserved in cores of 
the Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7086 to 7141 feet; and 
in the Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4886 to 5065 
feet. 

Relationships. Paraberyx has the typical structure seen in Cretaceous berycomorph 
fishes, with the subapical nucleus, a small number of strong vertical folds extending 
through scale toward nucleus, and compact spines. Numerous berycomorph fishes — 
have been described from Cretaceous deposits, and pectinated scales of similar 
structure are known from the Cthenothrissoidea. Several other genera, for ex- 
ample, Pseudoberyx Pictet and Humbert, referred to the Clupeidae by some 
authors, are also said to have pectinated scales of similar type. ‘The scales of Para- 
beryx are small but show the robust structure of adult fish. Indications of annual 

rings and folding of the exterior margin of the scale seem to show ages of several 
"years in most cases. The scales undoubtedly belong to a small genus with bercy- 
comorph relationship. They do not show a broad, thickened apical region, only the 
exterior margin of the apical pole being elevated. The apical spines are almost com- 
pletely without keels. The scales are, therefore, not closely related to Beryx or Haplop- 
teryx. Ctenothrissa also has the apical pole thickened through a larger area. Shape 
and attachment of the apical spines are reminiscent of the Holocentridae, but they 
are not at all or only slightly extended in apical keels. Holocentric fishes are the 
most primitive Berycomorphi, as Cockerell states (1919, p. 187), and Paraberyx is 
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evidently related to this group. Hussakoff (1929) described a small holocentrid 
form from the Niobrara of Kansas, namely, Kansius sternbergi. ‘The Californian 
form may be a related type. For the time being it does not seem possible to attribute 
the Californian scale to a distinct genus of the Berycomorphi. This order was well 
developed in the Cretaceous and showed greater diversity of type than it does today. 
The Percomorphi have probably taken the place of the Berycomorphi in some habi- 
tats. The recent Berycomorphi are to a large extent deep-water forms, the Holo- 
centridae abounding in coral reefs and other rocky parts of warm seas. Paraberyx 
evidently was a shallow-water form, as is indicated by the coarse structure of the 
scale and its relationships. 


Family TRACHICHTHYIDAE 


Rothwellia trachichthyiformis, n. g. and n. sp. 
(Text figure 10) 


ype. INO. 10gra, Calbte, linet, Ween, Were IPalle, Call, Seale 
2.5 mm. long by 4 mm. deep. 

Type locality. Pure Oil Co. well, Chowchilla No. 1, at depth 
from 4955 to 4974 feet. Panoche formation. 

va Description. Scale oval, much deeper than long, and evi- 

Fic. 10. Roth- : : 
malin. traeb einer dently from the midlateral series on the fish. Scale quite 
formis, n. g. and n. delicate, broken or fragmentary. Basal part with slightly 
sp. Type, no. 10312 curved circuli, but not marked by distinct folds. Circuli present 
CLT. Scale 2.5 in basal part only, comparatively fine shallow grooves, at some 
mm. long by 4 _ distance apart; about 24 in 1 mm. distance through median 
mm. deep. Pure line of scale. Circuli nearest to basal margin transversely 
Oil Co. well, rounded, ending in dorsal and ventral margins of scale. Dis- 
Chowchilla No. 1, tance between adjacent circuli widening toward margin of 
at depth from 4955 scale: this is especially true for lowermost circuli, which end 
eee coe eas) imntich) more obliquely in dorsal or ventral margin. Circuli 
posh eyorina ten: nearing center of scale curve around nucleus; these are short 
and end free toward apical pole. Apical region with several rows of staggered broad, 
flat spines, upper rows inserted above bases of next lower row. One row of fine 
spines along apical margin. Basal margin folded concentrically several times. 

The new genus is named for Mr. W. Thomas Rothwell, Jr., paleontologist of the 
Richfield Oil Corporation, California. 

Discussion. Only one scale of this delicate form has been found. The impression 
of the smooth side is complete; the scale is fragmentary in places. It undoubtedly 
belongs to a berycomorph form and is probably nearly related to the Trachichthyidae 
of today, a family of the deep-water Berycomorphi. Woodward (1902, p. 29) de- 
scribed the genus Trachichthyoides from the English chalk; it resembles Trachich- 
thys and Gephyroberyx. The delicacy of the scale and its structure indicate that 
Rothwellia lived in at least a bathyal habitat. In the Trachichthyidae the length- 
depth proportions of the scales are quite variable, the mid-lateral scales being deepest. 
It is likely that the Cretaceous genus showed similar differences in shape of its scales, 
and that the scale described here belongs to the lateral series. 


Gye tieme incertae 
sedis (Carangoi- 
dea?) (a) Scale 


2.8 mm. long by 
2 VIM, GED |e 
gins Oil Co. well, 
Chaney Ranch No. 
iy ate cleotin isrora 
6292 to 6297 feet. 
Moreno formation. 
(6) Scale 1.7 mm. 
long by 2 mm. 
deep. Jergins Oil 
Co. well, Chaney 
Ramen IN@, i at 
depth from 6437 to 
6443 feet. Moreno 
formation. 
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ORDER PERCOMORPHI 
SertEs CARANGIFORMES 


Incertae sedis 
(Text figure 11) 


Description. Scales quadrangular to rectangular; length and 
depth (in millimeters): 2.8 by 3.2, 2.2 by 2.8, 2 by 2, 1.5 by 2. 
Circuli concentric; those around focus widely spaced, irregular 
in shape, sometimes bent in places. Circuli in outer two-thirds 
of scale closer and more regularly concentric. Apical pole evi- 
dently lost; it may have been smooth and less resistant. Orna- 
mentation in form of tubercles or very short lines in middle of 
scale and toward apical pole. 

Discussion. Small scales like those described above and 
generally pyritized are found in the Moreno formation. All 
are somewhat distorted and incomplete. They remind one of 
the living Carangidae. The scales are thicker than the 
degenerate carangoid scales found in modern forms. The 
circuli are more irregularly arranged, and reticulations are 
present. Evidently these scales are less resistant to wear than 
the larger specimens, and are preserved only under favorable 
conditions, if pyritized. They occur with Natlandia ornata, and 
may be atypical scales of that form. The circuli, however, are 
arranged differently, and become finer toward the outer margin. 
Carangiformes have been described from Cretaceous deposits 
elsewhere, and it is quite possible that the scales here described 
belong to this order. 


ANALYSIS OF PISCINE ASSEMBLAGES 


The following fish forms have been identified thus far in the Upper Cretaceous. 


of California: 


A. Large skeletal fragments from the Moreno formation of the Panoche Hills 


Protosphyraena sp. 
Pachyrhizodus sp. 


Enchodus sp. 
Vertebrae of large selachians 


B. Scales from subsurface sections of the Moreno formation in Panoche Creek and in the: 


CORaAKE SDM see tee: 
DMPVUMAMO OS Ci, COMCOSNS'Ss o0c0cccoccecccccc000e 


Holcolepis angulatus 
Holcolepis nodulatus 


Laimingia plicata.... 
Helmintholepis sp.... 
iXJlennypoellies mNOREMOSMSIS 5 5c oo0 0000000000050 0000 
Natlandia ornata.... 
Goudkoffia delicata.. 
2 SErGhinnionGles CAli@FMCUS. cc0cc000c00 00000500066 
(CATANSOICIEA,. oo 00006 


Firebough area 


Rare, poorly Moderately Abundant, 


preserved abundant well preserved: 
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C. Scales from subsurface sections of uppermost Panoche formation (shale deposits) in the 
Panoche and Firebough districts 


ne 2 Moderately aun eat 

preserved al oumncentt preserved 
lSVTMTIMOS US Ci. CMICOSMGIG., s0000060500000000000 = oe 
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D. Scales from subsurface sections of the Panoche formation in the Chowchilla district 
(mostly sandy deposits and sandy shales) 


[Saimin giao li Catalin weenie Mae prac 6 4 de OS A 5 == 
Ilenayaelha, MNOREMNCEMEIS. .o5600600000000800000000 a 
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The fish fossils described here are for the most part new genera and species. 
This is to be expected in a geologic section such as that represented by the thick 
sequence of strata of the California Upper Cretaceous, which is almost unex- 
plored for fish. Most of the new types are established on the basis of fish-scale 
characters, and it has been found possible, in almost all cases, to make a reliable 
identification of the families and genera, and to determine their relationships. 
Two species apparently belong to kinds of fish found previously in California, 
namely, Erythrinolepis chicoensis Cockerell and Bramlettia chicoensis (Cock- 
erell). The scales of three additional genera agree with forms found commonly 
in other Cretaceous deposits, namely, Holcolepis ?, Sardinioides, and Ichthy- 
odectes. The scales of most of the genera of Cretaceous fish that have been 
described from skeletal remains are not known. This is particularly true for the 
Cretaceous fish of North America. Later it may be possible to show that some 
of the genera herein named on the basis of scales belong to fish already described 
from skeletal remains. 

The Cretaceous forms listed above can be grouped in different assemblages, 
according to their place of occurrence and their habitat. All these groups in- 
dicate faunas of coastal water, and none can be regarded as living in a true 
deep-sea habitat. 

The geologic sections in the Panoche Creek and Firebough districts show two 
characteristic fish zones at different horizons: The upper fish zone is character- 
ized by remains from the Moreno formation as listed under A and B (see above). 
The fish types inhabited a coastal sea and were evidently irregularly distributed 
over a large area. This is true for Protosphyraena, Pachyrhizodus, Corax, 


Holcolepis, Kleinpellia, and the Carangoidea; Enchodus may have preferred 
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slightly deeper water. Erythrinolepis, as stated by Cockerell, may be related to 
living fresh-water forms from South America, but it was evidently a marine 
type in the Cretaceous. Laimingia is nearly related to Elops, a fish genus that 
occurs now in near-shore waters and lagoons, and occasionally ascends rivers. 
Natlandia and Goudkoffia are related to the salmon, which are anadromous 
fishes today. ? Sardinioides is the only fish of these strata having a bathyal 
habitat, and scales of it occur infrequently. Most of the scales in section B are 
pyritized. The deposit undoubtedly was laid down in the neritic region of a 
coastal sea, with the fossils irregularly scattered over a large area of the sea 
bottom. Fish scales are not everywhere present in the section. In the Jergins 
Oil Co. well, Chaney Ranch No. 1, they occur at depths from 6206 to 6306 feet 
and from 6231 to 6988 feet. In the Western Gulf Oil Co. well, Lillis Welch 
No. 1, scales occur at depths from 3715 to 4792 feet. 

A decided change occurs in the fish fauna at a deeper horizon in the strat- 
igraphic succession. These strata have been determined by some students of 
foraminifera as lowermost Moreno in age and by others as uppermost Panoche. 
The latter determination is accepted in the present paper. The lower fish zone 
is very characteristic and occurs in a comparatively narrow stratigraphic interval 
in the section. The change in the fishes is shown best by the great abundance 
of two forms, Driverius cretaceus and Paraberyx californicus. Of these two, 
Driverius is closely related to a group of herrings now restricted to warm seas 
and generally known from coastal bays near river outlets. Paraberyx belongs 
in the group of shallow-water berycoids. Laimingia and Natlandia are quite 
abundant, and both forms may well be found at the mouth of a river, and there- 
fore be deposited in a near-shore accumulation. None of the larger forms, not 
even Holcolepis, has been found as yet in the lower fish zone. They evidently 
are rare or absent here. Thus, the assemblage suggests a near-shore deposit 
accumulating apparently in the proximity of a river outlet. All the forms that 
are present could have lived in this kind of environment. Immediate burial of 
the assemblage did not occur at the place of accumulation. All the fish are com- 
pletely decayed and few remains except scales are preserved. Since scales are 
small and light, they may have been held in suspension for some time and may 
have been transported by currents. Their ultimate deposition probably occurred 
in a deeper and quieter part of the sea. ‘They are preserved in an organic slaty 
dark shale, brittle and with even splitting surfaces. The lower fish zone was 
found in the Jergins Chaney Ranch well at depths from 7003 to 7144 feet, and 
in the Western Gulf Lillis Welch well at depths from 4886 to 5242 feet. 

The stratigraphic succession found in the Panoche formation of the Chow- 
chilla region shows entirely different occurrences of fish remains. Fish forms 
are very rare, especially in the sandy parts, and are hardly abundant enough to 
provide data from which to draw many conclusions. In the subsurface interval 
from 4629 to 5083 feet in the Pure Oil Co. well, Chowchilla No. 1, scales were 
found at several horizons. Among these some are rather significant. The better- 
preserved scales, such as an Iniomi, Rothwellia, Ichthyodectes, and probably 
Rankinia, represent types living in deeper water. The strata from 4955 to 5048 
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feet in the section, although quite sandy, represent a bathyal deposit, and the 
region of accumulation was connected with the open sea. 

The antiquity of the deep-sea fish fauna has been discussed by Woodward 
(1898). Many types related to deep-sea forms of today existed in Cretaceous 
times. Such deep-water types as the Iniomi and certain Berycomorphi were 
widely distributed. Some that are found in Cretaceous deposits may have been 
in a stage of transition between habitats of different bathymetric depth. Wood- 
ward (1911) states that some of the types show a more calcified skeleton than 
is usual in bathyal and abyssal fishes. Others were undoubtedly deep-water 
forms (Tomognathus, Woodward, 1936). There is not much doubt that the 
delicate scales listed above, for example, Sardinioides and the trachichthyiform 
Rothwellia, came from typical bathyal fish, because of their great similarity to 
scales of living types. The relationship of Rankinia is not well enough known 
to justify conclusions. The extinct Ichthyodectes is also considered a bathyal fish. 

A warm climate is indicated by the majority of California Cretaceous fish. 
This is true for the Elopidae, Albulidae, and Holocentridae. It is especially true 
for Driverius, which seems to be related to forms now restricted to warm waters 
and largely distributed through the tropics. On the other hand, more or less 
distant ancestors of the Salmonoidea are well represented in the North Ameri- 
can Cretaceous deposits. The California fish Natlandia does not seem to be 
far removed from the living forms. Salmonoidea are characteristically northern 
in habitat. This group evidently was not well established in Upper Cretaceous 
time, and its habitats may not have conformed to those of Recent types. Evi- 
dently Natlandia was not anadromous as most of the living salmons are. The 
Californian form, as yet known only from its scale, would represent the earliest 
known salmon, should it prove to be a true member of this family. 

Upper Cretaceous fishes are known from a number of localities distributed 
over the world. Some of these localities have yielded quite diversified faunas, 
and progressive ages can be recognized. Upper Cretaceous faunas found in 
the Gabon Basin in Africa (Weiler, 1922; Arambourg and Schneegans, 1935) 
seem to correspond to strata of Brazil (Jordan, 1923; Jordan and Branner, 1908; 
Maury, 1930, 1936) and may possibly be of Cenomanian age or older. The 
deposits of the English chalk are of Turonian age. The strata of Westphalia 
and of Mount Lebanon, Syria (Woodward, 19424) are Upper Senonian, the 
latter being slightly younger than the former. Danian fishes are found in 
Scandinavia (Davis, 1890) and in Persia (Priem, 1908), but neithér one of these 
assemblages is well known. Still younger in the Cretaceous are the deposits of 
the Montian chalk of northern France (Priem, 1898); and the Lameta beds of 
India (Woodward, 1908) may be of earliest Tertiary age. 

There are many indications that the Moreno and Panoche fishes occur in a 
late stage of the Cretaceous. The Ganoidea are represented only by Protosphy- 
raena. ‘(his is the latest and largest pachycormid, common in the Upper 
Cretaceous of Europe and North America, and probably present also in Egypt 
and Patagonia. The Albulidae are represented by a form nearly related to 
Recent types, and not found anywhere else. The Elopidae are represented by 
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two species of Holcolepis, a genus found commonly in the English chalk, West- 
phalia, the Mount Lebanon deposits, and the North American interior basins. 
Likewise, Laimingia is a form much more closely related to the living Elops 
and farther developed than Rhacolepis, a fish of frequent occurrence in the 
Brazilian Cretaceous. Two true clupeids are present in California; such types 
are not found in the English chalk, nor in the Central American deposits, but 
a number of clupeids are abundant in Syria. Diplomystus, however, the double- 
armored herring, which may have had scales of clupeid type, was already present 
in the Lower Cretaceous of Brazil. Also salmon are represented by a form that 
seems to be more closely related to present-day members of this group than are 
those found anywhere else in the Cretaceous. 

Fishes like Pachyrhizodus, Enchodus, and Ichthyodectes or nearly related 
genera are of common occurrence in all the better-known Cretaceous deposits. 
Iniomi also occur in great abundance and variety throughout Cretaceous forma- 
tions. Berycomorphi, also commonly found in Cretaceous deposits, are rep- 
resented in California by a small genus and a specialized form belonging to 
one of the deep-sea families. The large-scaled Berycomorphi, for example 
Hoplopteryx, so common in other Upper Cretaceous deposits, have not been 
found as yet in California. Cockerell (1919) states that the Berycomorphi are 
absent from the American Cretaceous of the interior regions. The acanthoptery- 
gians, or more advanced fishes, are represented in the Moreno and Panoche 
deposits of California by the Berycomorphi and generalized forms that are 
tentatively referred to the Carangoidea. No true Percomorphi are present. 

The differences between the fish faunas of the various known Upper 
Cretaceous deposits are due only in part to changes occurring in the course of 
geologic time. Geographical distribution and differences in facies also account 
for some of the dissimilarity in the assemblages. The Californian deposits, with 
typical clupeids, advanced elopids, abundant albulids and Salmonoidea, and 
with the rare occurrence of ganoids, are certainly not older than the Senonian 
and are probably more advanced than that stage. Absence of true percomorph 
scales suggests an earlier stage than Uppermost Cretaceous, when these types 
of fishes are known to have been present. The first true percomorph fishes are 
found in deposits of the Montian chalk of France, and in the Lameta beds of 
India. Some early and primitive percomorph fishes are known to occur in the 
Upper Senonian beds of Mount Lebanon (Woodward, 19424, 19425). ‘These 
latter seem to have smooth and cycloid scales of primitive character, not unlike 
those described above. 
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PLATE 1 


Fic. 1. Kleinpellia morenoensis, n. g. and n. sp. ‘Type, no. 10304. Scale 7.2 mm. long 
by 7 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6595 to 6605 
feet. Moreno formation. Coarse side of scale, pyritized. (See also text fig. 3.) 

Fic. 2. ? Pachyrhizodus sp. Scale 20.5 mm. long by 23 mm. deep. Western Gulf Oil 
Co. well, Lillis Welch No. 1, at depth from 4954 to 4960 feet. Moreno formation. 

Fic. 3. Laimingia plicata, n. g. and n. sp. Type, no. 10307. Scale 3.2 mm. long by 4.1 
mm. deep. Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4436 to 4451 
feet. Moreno formation. Coarse side of scale, pyritized. 

Fic. 4. Laimingia plicata, n. g. and n. sp. Scale 4 mm. long by 4.1 mm. deep. Jergins 
Oil Co. well, Chaney Ranch No. 1, at depth from 6605 to 6608 feet. Moreno formation. 
Coarse side of scale, smooth side preserved in part of apical region. 

Fic. 5. Paraberyx californica, n. g. and n. sp. Scale 3.1 mm. long by 3.9 mm. deep. 
Jergins Oil Co. well, Chaney Ranch No. 1, at depth of 7086 feet. Panoche formation. 
Smooth side of scale. 

Fic. 6. Paraberyx californica, n. g. and n. sp. Type, no. 10310. Scale 2.9 mm. long 
by 3.2 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 
feet. Panoche formation. Coarse side of scale. 
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PLATE 2 


Fic. 1. Natlandia ornata, n. g. and n. sp. Lateral-line scale tentatively referred to this 
species, 7 mm. long by 6.5 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth 
from 6451 to 6459 feet. Moreno formation. Coarse side of scale, pyritized. 

Fic. 2. Goudkoffia delicata, n. g. and n. sp. Type, no. 10309. Scale 4.2 mm. long by 
4 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 feet. 
Panoche formation. Coarse side of scale. 

Fic. 3. Natlandia ornata, n. g. and n. sp. Counterpart of type, no. 10308. Scale 7.7 
mm. long by 5.2 mm. deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 
6507 to 6514 feet. Moreno formation. Coarse.side of scale, pyritized. 

Fic. 4. Holcolepis nodulatus, n. sp. Type, no. 10333. Scale 10 mm. long by 13 mm. 
deep. Western Gulf Oil Co. well, Lillis Welch No. 1, at depth from 4387 to 43096 feet. 
Moreno formation. Coarse side of scale. 

Fic. 5. Erythrinolepis cf. chicoensis Cockerell. Scale 12 mm. long by 12.5 mm. deep. 
Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 7137 to 7144 feet. Panoche forma- 
tion. Mold of smooth side of scale; actual scale preserved in places. 

Fic. 6. Holcolepis angulatus, n. sp. Type, no. 10334. Scale 12.4 mm. long by 14 mm. 
deep. Jergins Oil Co. well, Chaney Ranch No. 1, at depth from 6654 to 6663 feet. Moreno 
formation. Mold of coarse side of scale; small part of actual scale, which is pyritized, 
present at apical pole. 
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A Miocene Mammalian Fauna from Beatty 
Buttes, Oregon 


INTRODUCTION 


Fossil mammalian remains were first discovered in tuft beds of the Beatty 
Buttes area in 1938 by Dr. Warren D. Smith and Lloyd Ruff, of the University 
of Oregon. Shortly thereafter, the occurrence was brought to the attention of 
Dr. Chester Stock by Dr. Smith. During the summer field seasons of 1940 and 
1941 collecting parties from the California Institute of Technology examined 
the region and obtained much additional material. 

The original locality at Beatty Buttes lies approximately 22 miles southwest 
of Blitzen, Oregon, and nearly too miles south of Burns, Oregon (see map, 
fig. 1). Here the tuff beds in which the fossil mammals are found border the 
north side of the volcanic cone of Beatty Buttes. Most of the material was col- 
‘lected in an area lying approximately 5 miles from the highest point of the cone 
and nearly due north of it. Ata second locality, here designated Corral Buttes, 
occur fossiliferous deposits that are unquestionably like those exposed at Beatty 
Buttes. Fossils were discovered in these beds by K. A. Richey and J. C. Stock 
in 1941. Corral Buttes lies approximately 20 miles northwest of Beatty Buttes. 

The author is indebted to Dr. Chester Stock not only for suggesting the prob- 
lem, but also for valuable advice and criticism during the progress of the study. 
The field party of 1940 was under the supervision of Robert Leard, and that of 
the following year was led by K. A. Richey. The assistance and advice kindly 
given by E. L. Furlong and K. A. Richey are deeply appreciated. Dr. Robert W. 
Wilson furnished information which aided in the identification of some of the 
fossil rodents. Dr. W. D. Smith, who is familiar with the geology of the region, 
made many helpful suggestions. The illustrations were brought to finished 


form by David P. Willoughby. 


Previous Work IN REGION 


Geological investigation in southeastern Oregon has been for the most part 
of a reconnaissance type. Only a few areas have been mapped in detail geologi- 
cally. In many instances even base maps are difficult to obtain. 

Following an account in 1927 of the geology of Steens Mountain by W. D. 
Smith, Fuller in 1931 published the results of a study of the sequence of volcanic 
rocks in this region and included information regarding the geologic relations in 
the surrounding area. A paper by Piper, Robinson, and Park (1939) is con- 
cerned with the water resources of Harney Basin and sets forth the geology of 
the region about Malheur Lake, north of Beatty Buttes. In a much earlier 
paper, Waring (1908) considered the geology and water resources of an area 
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Fic. 1. Map showing the location of Beatty Buttes and Corral Buttes in relation to known 
fossil vertebrate localities in southeastern Oregon and in Nevada. 


adjacent to Lake Abert and west of Beatty Buttes. Russell (1928) reported on 
the geology of the Warner Range in northeastern California. 

Vertebrate remains of Miocene age were recorded from Sucker Creek, Oregon, 
by Scharf (1935); from Skull Springs, Oregon, by Gazin (1932); from the 
Mascall formation, Oregon, by Merriam (1907), and from Virgin Valley, 
Nevada, by Merriam (1git); from the Payette formation, Idaho, by Buwalda 
(1924); and from the Upper Cedarville formation, California, by Russell (1928). 

Fossil floras are known from the Alvord Creek formation (Fuller, 1931), 
Upper Cedarville formation (Russell, 1928), Payette formation (Chaney, 1922), 
and Mascall formation (Chaney, 1925). 


(GEOGRAPHICAL AND GEOLOGICAL RELATIONS 


Beatty Buttes is a volcanic cone rising to a height of 7916 feet above sea level. 
It stands several thousand feet above a broad alluvial plain which is bordered 
on the east by the high Steens Mountain and on the west by the Hart Moun- 
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tains. The climate of the area is arid and most of the vegetation is of a grassland 
and brush type. One of the largest of the few remaining herds of pronghorn 
antelope roams these plains. Other characteristic members of the animal com- 
munity are the coyote, jack rabbit, and rattlesnake. 

The fossil specimens were found in a series of acidic tuffs which form small 
buttes of the order of 100 to 150 feet in height surrounding the base of the main 
volcanic cone. Alluvial terraces composed of obsidian cobbles commonly cap 
these buttes, though near the volcanic cone itself basic flows cap the tuff beds. 
These flows apparently were extruded from the cone. The glass and pumice 
fragments of which the tuff is predominantly composed has an index of refrac- 
tion ranging between 1.48 and 1.50. This would indicate a silica content of 
approximately 70 per cent (George, 1924). 

The tuff beds show only slight deformation. Southerly dips of 5 to 8 degrees 
were the greatest divergence from the horizontal observed by the author. Eleva- 
tion of the strata since the obsidian terraces were deposited has resulted in dissec- 
tion of the tuff beds, forming the badlands in which the fossil material is 
exposed. 

On the basis of a flora obtained from the Alvord Creek beds in Steens Moun- 
tain, Chaney (Fuller, 1931) believed that a correlation between these deposits 
~and the Mascall formation was possible. This would likewise suggest a correla- 
tion with the Beatty Buttes horizon, since the fauna from the latter is nearly 
related to the Mascall assemblage. The Alvord Creek beds, however, lie below 
the Steens Mountain basalt, whereas the Beatty Buttes tuffs appear to rest on 
these basalts. This relation may be explained on the assumption that the 
resemblance between the floras of Alvord Creek and Mascall reflects in the 
main similar ecologic conditions without necessarily indicating an exact time 
equivalence. On the other hand, the extrusion of the basalt series may not have 
required a long time. Perhaps the fossiliferous deposits at Beatty Buttes are to 
be correlated with a higher part of the Mascall formation rather than with the 
plant-bearing Alvord Creek beds." Russell (1928) described the Upper Cedar- 
ville formation from Warner Valley to the west of Beatty Buttes and stated that 
a fossil flora from it was regarded by Chaney as comparable in age to that of 
the Mascall. Thus the Upper Cedarville formation may be closely related in 
time to the Beatty Buttes horizon. Fossil vertebrates are known from the 
Upper Cedarville formation near Alturas, California, but no list of mammals 
has been published. 

The stratification of the tuff beds does not suggest extensive fluviatile deposi- 
tion, but rather an accumulation of the sediments in relatively quiet water or 
subaerially, or possibly under both conditions. The fossil remains suggest ex- 
posure to the weather before burial, not only by their fragmentary state of 


1 Since the above was written, Axelrod (in Chaney, Condit, and Axelrod, Pliocene Floras 
of California and Oregon, Carnegie Inst. Wash. Pub. 553, 1944) concludes that the flora 
from the Alvord Creek formation is Lower Pliocene. The deposits would, therefore, be dis- 
tinctly younger than those at Beatty Buttes, and this difference in age would imply a some- 
what different interpretation of the geologic history of the region between the two localities. 
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preservation, but also by the fact that a number of bones show the gnaw marks 
of rodents. Many of the fragments have their edges completely rounded by 
this type of attrition. Although evidence of rodent gnawing is often seen in 
fossil materials, the frequency of occurrence of this type of marking at Beatty 
Buttes suggests some specific cause. Absence of mineral salts in a region where 
accumulation of volcanic glass was widespread may have forced creatures to 
seek such materials in the scattered organic remains that were lying on the 
ground before they were buried. Moreover, the rather common occurrence of 
gnaw marks gives the impression that many rodents were present. Indeed, cer- 
tain structures observed in the tuff beds may be the remains of rodent burrows 
that were subsequently filled with volcanic ash. 


LirHoLocy 


The following is a measured section of the rocks exposed at Beatty Buttes: 


Thickness 
(feet) 
Tem basal Gatlowsm (estittra ted it inickcm ess) sana en tar 35+ 
2. Stratigraphic distance between bottom of basalt and top of uppermost tuff 
bedlexposedia (estimate dmtin(ckmcss)) sess es 25-30 
3. Brown to gray-brown, tuffaceous silt. Top of the section not exposed.... 50 
Ae ONT, TWeaesons Sik, Iommne lyacllam] CMS... . 62. c ccc ccc ccc cccocuc: 10 


5. Tuffaceous silt grading from gray at bottom to cream or buff at top. Many 
fossils occur in this unit. Usually exposed in badland slopes between cliff- 
forming units. 24's.) 02 erA ae ea te ee eee Be 

6. Light-tan to brown tuffaceous silt containing many pumiceous fragments. 
Many fossils are preserved in this unit, especially toward the base. Forms 


badland) cliffs... seated 85 te oe ok is aca a 10 

Fh, IERONID HO loi, (RUiGieSOWS SIE .. occa ccaccocvsccssvoceecsessveveeooes 40 

8. Coarse, greenish lapilli, or scoriaceous tuff. Base of section not exposed.. —_70 
Fotal, 75.01: bee ee eee eee eee 272-277-+ 


ComparaTIvE Lists oF MiocENE FAUNAS FROM SOUTHEASTERN OREGON 


BEATTY BUTTES SUCKER CREEK SKULL SPRINGS 


Insectivora 
Insectivore, possibly erinaceid , 
Carnivora 
Amphicyon frendens Matthew Amphicyon cf. frendens 
Matthew 
Amphicyon sinapius 
Matthew or 
cf. Pliocyon medius 
Matthew 
Tomarctus cf. brevi- 
rostris Cope 
Euoplocyon (?) sp. 
Canid (?) sp. Canid (?) sp. Canid (?) sp. 
Hemicyon, n. sp. 
Martes (Tomictis) 
gazini Hall 
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BEATTY BUTTES 


Sciurus sp. 


Liodontia cf. alexandrae 
(Furlong) 


Mylagaulus cf. laevis Matthew 


Diprionomys (?) sp. 


Oreolagus (?), n. sp. 


Archaeohippus cf. ultimus (Cope) 
Hypohippus near osborni Gidley 


Parahippus cf. avus (Marsh) 


Merychippus isonesus (Cope) 


Merychippus cf. campestris 
Gidley 

Merychippus sp. 

Aphelops sp. 


Oreodontid (?) sp. 


Dromomeryx borealis (Cope) 


Merycodus, possibly n. sp. 
Merycodus sp. (?) 
Camelid (?) sp. 


SUCKER CREEK 


Rodentia 
Sciurus (?) sp. 


Mylagaulus cf. laevis 
Matthew 


Chalicomyid sp. 
Lagomorpha 


Proboscidea 


Mastodont sp. 


Perissodactyla 


Hypohippus near osborni 
Gidley 
Parahippus avus (Marsh) 


Merychippus isonesus (Cope) 


Merychippus brevidontus 
Bode 


Rhinocerotid sp. 
Moropus sp. 


Artiodactyla 


Prosthennops (?) sp. 

Ticholeptus sp. 

Dromomeryx near borealis 
(Cope) 

Merycodus cf. nevadensis 
Merriam 

Camelid (?) sp. a 

Camelid (?) sp. b 


AGE OF FAUNA 


SKULL SPRINGS 


Sciurus malheurensis 
Gazin 

Sciurus tephrus Gazin 

Citellus ridgwayi 
Gazin 

Liodontia alexandrae 
(Furlong) 

Mylagaulus cf. laevis 
Matthew 

Diprionomys (?) 
oregonensis Gazin 


Mastodont sp. 


Hypohippus sp. 


Parahippus near 
coloradensis Gidley 
Merychippus isonesus 


(Cope) 


Rhinocerotid sp. 
Chalicothere (?) sp. 
Tapirid sp. 


Platygonus (?) sp. 
Ticholeptus (?) sp. 
Dromomeryx near 
borealis (Cope) 
Merycodus ? sp. @ 
Merycodus ? sp. } 


The fossil vertebrate assemblage found at Beatty Buttes has much in common 
with those collected in the Miocene deposits of Sucker Creek and Skull Springs, 
Oregon. The similarity is so close that the three faunas appear to represent 
nearly identical horizons. The genus Archaeohippus and an insectivore are the 
only important members of the fauna from Beatty Buttes that do not occur in 
the assemblages from Sucker Creek and Skull Springs. The fauna from Beatty 
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Buttes is likewise comparable to that from the Mascall formation, Oregon, and 
that from the Virgin Valley formation, Nevada. Merychippus tsonesus, 
Dromomeryx borealis, and Mylagaulus are conspicuously present in all these 
five faunas. However, the assemblages from Beatty Buttes, Sucker Creek, and 
Skull Springs show greater resemblance to that from Virgin Valley than they 
do to the Mascall fauna. 

Several fossil mammals found at Beatty Buttes are known from the Sheep 
Creek beds of western Nebraska, and still others are present in the Lower Snake 
Creek beds, which overlie the Sheep Creek horizon. For example, Archaeohip- 
pus and Amphicyon frendens are described from the Sheep Creek horizon, and 
Mylagaulus laevis and Hypohippus osborni are present in the Lower Snake 
Creek fauna. The presence of these forms suggests at least a broad time relation- 
ship between the Oregon fauna and the two assemblages from the Great Plains. 
On the other hand, of the merychippine forms, only M. primus is recorded by 
Matthew (1924) from the Sheep Creek beds, whereas at Beatty Buttes occur 
several more advanced merychippines, suggesting an age slightly younger than 
that of the Sheep Creek fauna. 

A slight resemblance appears to exist between the Oregon fauna and that 
from the Pawnee Creek of Colorado. In the latter occur Merychippus campestris, 
Hypohippus osborni, and Aphelops megalodus. ‘These mammals are tentatively 
recorded from Beatty Buttes. The typical Pawnee Creek fauna is regarded by 
Osborn (1918) as slightly more progressive than the Mascall. Simpson (1933) 
considers the Pawnee Creek assemblage late Miocene in age. 

Dougherty (1940) suggested an age for the Caliente fauna of California inter- 
mediate between the Mascall and the Sheep Creek, and further correlated the 
Caliente with the upper Temblor in the marine section of the California Coast 
Ranges. Merychippus isonesus is certainly more advanced than M. carrizoensts 
and indicates a slightly younger age for the fauna from Oregon. 

Bode (1934) considered the Merychippus zone of the North Coalinga district 
to be intermediate between the Mascall and the Barstow. It was likewise corre- 
lated by Bode with the Valvulineria californica zone or basal Monterey of the 
California marine section. 

Inasmuch as some of the fossil mammals from Beatty Buttes are like those 
from the Merychippus zone, a correlation of the former horizon with the marine 
Tertiary section of the California Coast Ranges is suggested. Thus, the as- 
semblage from Beatty Buttes appears to represent a stage comparable in position 
to at least a lower part of the Valvulineria californica zone of the Middle 
Miocene as defined by micropaleontologists in the California marine section. 

A discrepancy in these time relations becomes apparent, however, in that the 
fauna from Beatty Buttes is nearly identical in age with the Sucker Creek and 
Skull Springs faunas. These approximate in age the Mascall and Virgin Valley 
faunas, and would therefore represent a stage in the upper part of the Miocene, 
or Barstovian age, as defined by the committee of the Vertebrate Section of the 
Paleontological Society of America (Wood et al., 1941). 
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ENVIRONMENT OF FAUNA 


The assemblage of fossil vertebrates represented at Beatty Buttes is not of 
sufficient size and variety to warrant definite statements as to the environmental 
conditions which prevailed during its period of existence and accumulation. 
Nevertheless, several suggestions seem worthy of mention. 

The prevalence in a fossil fauna of grazing horses like Merychippus has often 
been regarded as evidence suggesting the presence of grassland country. Cau- 
tion is necessary in the use of a criterion of this kind in determining what the 
particular kinds of environmental conditions were like during the past, for, as 
Bode (1934) points out, horses with hypsodont dentitions live today in open 
woodland country in certain parts of the world. Supporting the view that grass- 
lands were in existence in the region of Beatty Buttes is the presence of Mery- 
codus, a grazing type of antelope. On the other hand, the mylagaulid rodents 
and the genus Liodontia are often regarded as indicative of wooded areas, and 
so are the brachyodont, browsing types of ungulates, such as Hypohippus and 
Dromomeryx. Living rhinoceroses are found in regions which apparently in- 
clude both grassland and open woodland, and the extinct Aphelops may have 
occupied a similar environment. A combination of faunal elements such as 
that comprising the assemblage from Beatty Buttes suggests, therefore, variable 
ecologic conditions in which open woodlands may have existed adjacent to 
plains. 

The Payette formation of Idaho is tentatively correlated with the Sucker Creek 
horizon, and the latter in turn with Beatty Buttes. Although a Payette flora 
has been described (Chaney, 1922) from localities approximately 200 miles to 
the east of Beatty Buttes, what is known of the geological history of the interven- 
ing areas does not invalidate the view that essentially similar climatic conditions 
prevailed in southeastern Oregon and southwestern Idaho in mid-Tertiary time. 
Chaney concludes from a study of the Payette flora that the humidity was lower 
than that indicated by the Mascall flora. A similar climate may have prevailed 
during the period of deposition at Beatty Buttes. The relatively fine-grained 
character of the tuffs in which the fossil vertebrates are found suggests no great 
relief in adjacent areas. Similar topographic conditions are suggested by the 
Payette flora. 


DEscrIPTION OF Fossit MATERIAL 
Insectivore, possibly erinaceid 
(Plate 3, figure 9) 


A part of a right mandible with M,—M., no. 3068, may represent an erinaceid in 
the fauna from Beatty Buttes. Unfortunately, the specimen was lost before a com- 
plete description was made. One photograph of a lateral view and the following 
notes are available as a record of this jaw fragment. 

The cusps in the teeth in the Oregon specimen appear to be less prominent than 
in Domnina gradata Cope, described by Patterson and McGrew (1937). They are 
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not so high in proportion to the anteroposterior and transverse diameters of the teeth 
as in D. gradata. M, is less reduced than in the latter form. These two features, 
low cusps and lack of reduction of M,, suggest that the specimen from Beatty Buttes 
represents a more generalized type, and possesses to less extent the distinctive char- 
acters of soricids. This is significant since D. gradata is found in the Oligocene, 
whereas the Beatty Buttes form belongs to the later Miocene. No. 3068 certainly 
does not show the pronounced features seen in Limnoecus tricuspis Stirton from the 
Barstow Miocene of California. 

In the following table the measurements of the Beatty Buttes specimen are com- 
pared with those of the holotype of Domnina gradata as given by Patterson and 


McGrew. 


Comparative measurements (in millimeters) 


No. 3068  D. gradata, no. 5353 


alee F.M.N.H 
Anteroposterior diameter: 
VAG ae Paes oe ae he deco ak ae anit gs a a, Se a Ae a2.0 2D 
NUS feat Se otice ue as RARE ites eis SI, Ce Ne a2.0 Dol 
M3 ee ORO SCT OES COG: <a OROMCI BONN OL ONO. OPOSO: CeCaCeORONT O10) OF ORG G7, OLOLO) OLONGC al.6 1 é 6 
Depth vofsramnusauincl eral Vliet en a2.0 2.4 


ad, approximate. 


Amphicyon frendens Matthew 
(Plate 4) 


A fragment of a right ramus with P,, M,, M,, and the alveoli for P; and Mg, no. 
3192, Calif. Inst. Tech. Vert. Pale. Coll., is referred to Amphicyon frendens Matthew. 

M, in this specimen is larger than that of the cotype of Amphicyon sinapius, no. 
9357, Amer. Mus. Nat. Hist., from the Middle Miocene Pawnee Creek beds of Colo- 
rado. The teeth of no. 3192 are also considerably larger than comparable teeth of A. 
ref. to sinapius, no. 18258 A.M.N.H. (Matthew, 1924). A distinct difference be- 
tween the Beatty Buttes specimen and no. 18258 is seen in the relation of depth of 
mandible to height of crown (protoconid) of M,. In no. 3192 this depth immedi- 
ately below M, is approximately three times the height of the crown of the tooth. 

In size of teeth and in depth of mandible, no. 3192 is more like the type of Amphi- 
cyon frendens, no. 18913 A.M.N.H. The teeth in the Oregon specimen are actually 
slightly smaller than in no. 18913, and the hypoconid of M, is considerably smaller 
In proportion to the protoconid in the former than in the latter. The protoconid- 
paraconid blade tapers forward more than in the American Museum specimen, and 
is directed slightly more toward the inner side. M, in no. 3192 approximates in 
transverse diameter the comparable tooth in no. 376 C.I.T. of A. cf. frendens, from 
Skull Springs, but has a higher shearing blade. M, resembles in size and proportions 
the comparable tooth in no. 18913, but the notch between protoconid and hypoconid 
is more shallow. The mandible in no. 3192 is slightly longer than in the type speci- 
men of A. frendens, although shorter than in A. ref. to sinapius, no. 18258 A.M.N.H. 
The convexity of the lower margin below the posterior end of M, is much more 
pronounced in the type than in the specimen from Beatty Buttes. 
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Comparative measurements (in millimeters) 


as ae aie A.frendens, A.ref.to A. sinapius, 
ere Skull type, SINAPLUS, cotype, 
eatty ul THOMSON CHEE OM S25 CME OMOS OM 


uReees, SIDES, IMIS, AWMLINGISI, AIL IN IAL: 
Oregon Oregon 


Mi, length from base of meta- 


conid to anterior end of tooth 26.0 BS 5 DBS» 234 MWS) 68) 
Mj, anteroposterior diameter. . 37.0 ea SA a34.0 
Mi, transverse diameter at 

posterior base of metaconid. 17.0 7.8 20.4 a17.4 15.0 


Mui, transverse diameter across 
notch between  paraconid 


BING! OOWOCOMIG!. 66600000000 15.5 V/AO 1S. 14.6 14.3 
Mi, height of protoconid...... 24.0 22.0 BU 0 a21.0 
Mo, anteroposterior diameter. . BY .O site 30.0 a28.0 


Me, transverse diameter at 
notch between hypoconid 


ANCEPROLOCOM Gener eS Meuse NOROR) pt ghee Mea: 
Length, anterior end of P, to 

posterior end of Mz........ 9) 5 Ne hee At Be HO OW Pere 
Depth of mandible below pro- 

wOCOMIG! OF Whisscocecooccc< 50.0 a45.0 a ret a83 .0 


a, approximate. 


Canid (?) sp. 


A fragmentary jaw, no. 3067 Calif. Inst. Tech. Vert. Pale. Coll., with only a part 
of P, remaining of the dentition, is referred tentatively to the Canidae. The speci- 
men approaches in size the jaw of the present-day Vulpes macrotis. 


Comparative measurements (in millimeters) 


Canid (?) sp., Vulpes macrotis 
TO, KGS Coll. Merriam 
Length, anterior end of alveolus for P; to posterior end 
Git QIRASONWS SOVe. IM lenses stews 5 sects Sh Get Oe Se 34.0 34.8 
Pa, BIMERODOSIEMION GAMMA, .0000c0000000000000000¢ 8.0 Uo 
DepehvotsawalbelowsVinad. sono se os tie lee eee 10.8 D9 


Sciurus sp. 
(Plate 3, figures 5, 6) 


Several isolated upper teeth, nos. 3077A and 3077B, and two fragments of maxil- 
laries with teeth, nos. 3076 and 3078, Calif. Inst. Tech. Vert. Pale. Coll., unquestion- 
ably represent the genus Sciurus, but incomplete preservation of the material prevents 
specific identification. 

The characters of the upper cheek teeth are well displayed in nos. 3077A and 
3077B, for the crowns of these specimens are practically unworn. ‘The teeth are 
quadrate in shape and have four transverse lophs. The two outer lophs are less 
prominently developed than the two inner ones. The inner lophs terminate ex- 
ternally in pronounced cusps. In size the teeth are comparable to those in S. malheur- 


ensis, no. 129 C.I.T., described by Gazin (1932) from Skull Springs, Oregon. The 
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material from Beatty Buttes may represent that species. . The teeth of Sciurus griseus, 
a modern tree squirrel, are slightly larger than those of the Oregon fossil. 


Comparative measurements (in millimeters) 


SCLUrUS SP., S. malheurensis, S. griseus, 
nO, SOTA Cole, mo, 12 Cau. imo, SXHOIL (Co 
M!, anteroposterior diameter... . . DD 2.4 TS) 
M!, transverse diameter......... DU DU 33 


Liodontia cf. alexandrae (Furlong) 
(Plate 3, figures 7, 8) 


A maxillary fragment, no. 3083, Calif. Inst. Tech. Vert. Pale. Coll., including P%, 
P*, M’, and a part of M?, seems referable to Liodontia alexandrae. Two lower pre- 
molars, nos. 3082A and 3082B, and several upper molars, nos. 3084A and 3084B, are 
also present. An anterior part of a skull with two incisors, no. 3087, is tentatively 
referred to this species. 

Miller and Gidley (1918) established the genus Liodontia on the basis of the char- 
acters displayed by Aplodontia alexandrae Furlong from the Thousand Creek and 
Virgin Valley formations of Nevada. Gazin (1932) recognized specific differences 
between the type specimen from the Virgin Valley Miocene and the cotype from the 
Thousand Creek Pliocene, and proposed for the latter the name Liodontia furlongi. 

P* in no. 3083 from Beatty Buttes is comparable in size and in acuteness of meso- 
style to the corresponding tooth in the type specimen of Liodontia alexandrae, no. 
11325, Univ. Calif. Vert. Pale. Coll., from Virgin Valley. A noticeable difference, 
however, is the presence of seven enamel lakes on the occlusal surface of no. 3083, 
whereas not more than four lakes are noted in individuals of Liodontia alexandrae 
described from other Miocene localities. The teeth in no. 3083 are only slightly 
worn, however, and this may account for the difference in number of lakes. The 
three additional lakes are arranged along a line which passes approximately through 
the mesostyle, dividing the tooth in half transversely. 

The two lower fourth premolars, nos. 3082A and 3082B, have conspicuous antero- 
external folds, a feature which is considered characteristic of Liodontia alexandrae, 
when seen in teeth of moderate wear. 


Mylagaulus cf. laevis Matthew 
(Plate 3, figures 1-1d, 2-2d) 


Mylagaulus is represented in the collections from Beatty Buttes by approximately 
25 isolated teeth. The majority of these specimens are enlarged fourth premolars. 
The teeth from the Oregon locality are comparable in size to those of M. sesquipedalis 
and M. laevis. The form from Beatty Buttes, however, shows distinct external flat- 
tening of the upper premolars, a feature typical of M. laevis, whereas in M. sesquipe- 
dalis the teeth are described as having a “regularly oval” occlusal surface. The teeth 
from Beatty Buttes are also similar to those from Skull Springs which have been 
referred to M. laevis (Gazin, 1932). 

Features common to the specimens of P* from Beatty Buttes and Skull Springs 
include the anteroexternal and anterointernal grooves, concave curvature of external 
face along vertical axis, and presence of five to eight enamel lakes depending on 
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stage of wear of crown. ‘The lakes are elongated and are oriented roughly parallel 
to the anteroposterior axis of the tooth. In several specimens the teeth taper an- 
teriorly. 

The lower premolars from Beatty Buttes, no. 3070, Calif. Inst. Tech. Vert. Pale. 
Coll., are more extended anteroposteriorly than the upper premolars. Usually six 
lakes are present, and the number is apparently more persistent with further wear 
of the tooth than is the case with the number of lakes in the upper premolars. The 
lakes occur in two rows of three each, one row having a position along the external 
border and the other along the internal border. The rows are oriented parallel to 
the anteroposterior axis of the tooth, but the elongation of individual lakes is trans- 
verse to this axis and the trends are anteroexternal. 

Several isolated second upper molars, nos. 3072 and 3073, are in the collection. 
Two upper molars of Mylagaulus have nearly equal transverse and anteroposterior 
diameters. In diameter these teeth approximate half the size of the upper fourth 
premolars. Five enamel lakes are present. The four large lakes are located at the 
corners of a square. The fifth or smaller lake lies halfway between the two outer 
lakes and closer to the outer wall. The individual lakes are extended in a direction 
parallel to the anteroposterior axis of the tooth. Two molars, tentatively regarded 
as of the lower dentition, have a circular outline of the occlusal surface, with lakes 
numbering four in one and five in the other. 

Several fragments of teeth and skeletal elements from Corral Buttes represent My- 
lagaulus. So far as can be determined from the scant material available, this form is 
identical with that recorded from Beatty Buttes. 


Measurements (in millimeters) of teeth of Mylagaulus cf. laevis 


Specimen no. Transverse diameter pu Ne Roa ERE 
SOA ee & oresc en tect Ghee coer ERE ete eee ae ee eee 7.9 9.8 
SOCOIB, IPSe He od cko eats Pore nig SCs he ere Onell 9.0 
SOC G LEAS o Sic, oe CORR Ore trace Se aoe RCL: Ear eg aoa Geil 9.7 
SOGUID)., IPS wae oleae Se bea DE ome Cen ae oe ee 5.4 9.0 
SODA, “Bria a oh bia aes estates ecto enn cs Aare a ee 52) 10.0 
SOTO Bs Pia 0.53 Chere oa sie ome Te CeO Reena ee 5.6 1@.2 
SONGS TEs Grae oo aos oe a oe Cre ee ee 5. Il Lil ,@ 
SO AOD ys. 6.2 oes OS co Oe ae 4.8 a10.4 
SOO LEA 3. Sie ales eeepc ON AEN Mera ec te Ene 5.0 9.4 
SOTA, IMIS 5G Sra a LON Rae ne Pam URE cE 4.4 4.6 
SOGSIB IME. hs: ste NEN ee NEP Te aR ne Alea Raa 4.0 368) 


a, approximate. 


Diprionomys (?) sp. 


A badly broken cheek tooth suggests a rodent similar to Diprionomys (?) oregon- 
ensis, described by Gazin from the Skull Springs Miocene. 


Oreolagus (?) n. sp. 
(Plate 3, figures 3, 4) 


A left maxillary with P°-M?, no. 3074, Calif. Inst. Tech. Vert. Pale. Coll., and a | 
right ramus with M,—M,, no. 3088, may represent the Ochotonidae. No. 3088 is 
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similar to Oreolagus nevadensis, described and illustrated by Dice (1917) from the 
Virgin Valley Miocene, and to Sylvilagus ? sp., recorded by Hall (1930) from the 
Fish Lake Valley beds of Nevada, and may represent a similar form. No. 3088 is 
apparently an ochotonid rather than a leporid, for the anterior and posterior columns 
of the teeth are joined by narrow connections and are not closely fused. In the upper 
cheek teeth of no. 3074, however, the two columns are broadly united. The form 
from Beatty Buttes is considerably larger than either Oreolagus nevadensis or Syl- 
vilagus ? sp., but is smaller than Hypolagus vetus. 

Descriptions of ochotonid material from the North American Tertiary are rare. 
The specimens from Beatty Buttes probably belong to an undescribed species. 


Measurements (in millimeters) of specimens of Oreolagus (?), n. sp. 


Lengthoof toothwrow, PP=Meino: 3074. rae ae ene een ee eee 6.4 
Greatesttransverse! diameter oko Memon 0/45 eee eee 3.0 
Length of tooth*row, Mi=M., nos 3088 oa a. st ee enn canner 4.3 
(Grenios: ieamsvense ahamster Or Wh, MO, HU, o5.500000000000000000000000000000000006 1.9 


Archaeohippus cf. ultimus (Cope) 
(Plate 2, figures 4, 5) 


A single upper tooth, no. 3061 Calif. Inst. Tech. Vert. Pale. Coll., lacks the outer 
wall. It is referred to the genus Archacohippus and is compared with A. ultimus and 
A. mourningi. The specimen appears to fall within the size range of teeth of A. 
ultimus from the Mascall. It likewise resembles teeth of 4A. mourning: from the 
Barstow Miocene, as well as teeth referred to this species and described by Bode 
(1933) from the north Coalinga district, California. 

In no. 3061 the protocone is not so distinctly separated from the protoconule as in 
the unworn tooth of the type of A. mourningi, probably because of greater wear in 
the former. In other respects the two teeth are almost identical. The hypostyle is 
well developed, and cement is lacking. Protocone and hypocone are enlarged and 
conical in shape, thereby constricting somewhat the lingual entrance to the valley 
between protoloph and metaloph. No crochet is present. 

Fragments of two superior cheek teeth, nos. 3204 and 3203 C.I.T., were found 
in the deposits at Corral Buttes and represent Archaeohippus. No. 3204, apparently 
P?, is slightly larger than the tooth from Beatty Buttes. No. 3203 represents, as nearly 
as can be determined, the same form as no. 306r. 


Measurements (in millimeters) of upper cheek tooth of Archaeohippus cf. ultimus, 
. no. 3061 C.LT. 


Anteroposterior diameter’ (15.4 4.050 4k ne ee Yee 135 
ND PLOXAMMA CEM tall V,C1S CGT cAI Ge Ieee renee ear 13.0 
Approximate herght™ on) o0) ct es ces cede ee rere ear 11.0 


Hypohippus near osborni Gidley 
(Plate 2, figures 1, 14, 2, 2) 


An unworn P?, no. 3199, Calif. Inst. Tech. Vert. Pale. Coll., and a slightly worn 
M,, no. 3063 C.I.T., represent the genus Hypohippus in the collection. No. 3199 is 
similar to P, in the type specimen of Hypohippus osborni from the Middle Miocene, 
Pawnee Creek formation. The only noteworthy differences are the presence in no. 
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3199 of a well developed cingulum at the base of the protocone, and a slightly smaller 
anteroposterior diameter. No. 3063 is comparable in size and in character of crown 
to a specimen from Virgin Valley, described by Merriam as near H. osborni. In no. 
3063 the hypoconid ridge is distinct from the metastylid, and an external cingulum is 
only slightly developed. Specimens from Skull Springs and Virgin Valley identified 
as Hypohippus are likewise similar to the tooth from Beatty Buttes. 

A fragment of a ramus, no. 3198 C.I.T., with part of a lower premolar, collected 
at Corral Buttes, represents apparently the same form as that found at Beatty Buttes. 
The external cingulum in no. 3198 appears to be slightly heavier than in the latter. 


Measurements (in millimeters) of teeth of Hypohippus near osborni 


ps M, 

mo, SLY Cle. no. 3063 C.I.T. 
Greatesteanteropostenonsaiameter ser nnen ren 20.0 24.4 
GREAIESE TRAMGVERIS GHEVINETS? 2 o555000000008000000000% Dis) 15.6 
lerchiaxo kapata conc Hanne nnn nr nn nner rr 16.7 
lelSicdie ie seo! ", bo ales on be poe eed so Geo ke a 11.0 


Parahippus cf. avus (Marsh) 
(Plate 2, figures 3, 32) 


Referred to Parahippus is a fragmentary and unworn M, or P,, no. 3064, Calif. 
Inst. Tech. Vert. Pale. Coll. This specimen is similar to P,, no. 442 C.I.T., from the 
Sucker Creek Miocene, which was identified as Parahippus avus by Scharf (1935). 
It resembles also no. 19403, Univ. Calif. Vert. Pale. Coll., from Virgin Valley, identi- 
fied as P. avus by Merriam. In no. 3064 the metaconid-metastylid pillar is prominent 
and higher than the protoconid or hypoconid. An external cingulum is present. 
Cement is entirely lacking. The comparatively large size and subhypsodont char- 
acter of the tooth suggest a slightly more advanced parahippine stage than that of 
P. avus. 


Measurements (in millimeters) of M, ? of Parahippus cf. avus 


GreatestmtnansverscaGiannctere ewww (eet Pete nme ya otek ed betes wall eae ws 16.9 
JEUSSANE CHE SODVSENTORNNG! Gab: 5 4 o ss6 cs Gear Reb Oates ane > Rute ee cae ee 14.4 


Merychippus isonesus (Cope) 
(Plate 2, figures 6, 6a, 7, 7a, 8, 8a) 


Most of the equine material from Beatty Buttes is referred to this species. It is 
represented by a fragment of ramus, no. 3057, Calif. Inst. Tech. Vert. Pale. Coll., 
with M,—M, inclusive, approximately 14 separate and fairly well preserved teeth, 
and many tarsal and carpal elements. 

The upper teeth have medium high crowns. The radius of curvature of the ex- 
ternal side approximates 1 to 2 inches. Cementation is variable, but is fairly heavy 
in several specimens. ‘The anteroposterior and transverse diameters of the crown are 
often nearly equal. The fossettes are open internally in some instances, especially 
in early stages of wear. The protocone and hypocone are of subequal or equal size, 
with the hypocone usually slightly smaller and more flattened than the protocone. 
In all specimens the protocone is distinct from the protoloph, but the pli protoconule 
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is usually present. The hypocone in all but one specimen is joined to the metaloph, 
although in P* this union is established by only a narrow isthmus. 

Specimen no. 3052 is similar to P? in the type of M. zsonesus, no. 8175, Amer. Mus. 
Nat. Hist. The fossettes are open and have practically no plications. Hypocone and 
protocone are entirely separate from protoloph and metaloph in at least the upper part © 
of the tooth. 

Specimens 3049 and 3050 from Beatty Buttes are similar to M* of the type, no. 
8175 A.M.N.H. In no. 3049 the crochet does not quite reach the protoloph and the 
prefossette remains open toward the inner side by a narrow channel. The plications 
on the border of the postfossette are not so complex as in the type specimen. A plica- 
tion or style is present on the external enamel wall in the region of the hypostyle. 
Fhis feature is likewise prominent in no. 3047. The only appreciable difference 
between no. 3050 and the type of M. isonesus is the presence in the former of a 
slightly smaller number of plications on the anterior border of the postfossette. 

A superior milk tooth, no. 3096 C.I.T., is brachyodont and lacks cement. This 
specimen resembles a comparable tooth, no. 440 C.I.T., described by Scharf (1935, 
p. 108), and a Dp* and P®, no. 1500 C.I.T., described and figured by Bode (1934, p. 
63). In no. 3096 the protocone and hypocone each have a conical shape, a character 
which Bode points out 1s distinctive of Merychippus isonesus. 

The deposit of cement in the permanent teeth is apparently considerably less in 
specimens from Beatty Buttes than in those from Skull Springs, Sucker Creek, or 
Virgin Valley. Teeth in the present collection appear to be slightly larger than those 
from Sucker Creek, and approximate more nearly in size those referred to M. isonesus 
from Skull Springs and Virgin Valley. 

Unfortunately, the lower dentition is represented only by the well worn teeth in 
the fragmentary ramus, and by three practically unworn specimens. Two of the 
latter are possibly milk teeth. 

The species Merychippus isonesus is known from the deposits at Corral Buttes by 
several separate teeth, including a fragment of a milk tooth, and also by isolated 
carpal and tarsal elements. The teeth resemble those collected at Beatty Buttes in 
stage of development. 


Measurements (in millimeters) of teeth of Merychippus isonesus 


Anteroposterior Greatest transverse Approximate 


Specimens no: diameter diameter height of crown 
SOA VRS a ecw nt eon ee. Uhre eae eer Dil DOS 30 
SO Oe NEL ah ci.e ARIUS, eae oR DoS 20.0 29 
SOSOs ites 8 Se a aie cece ae oe ee XO), 0 20.5 21 
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S052. Pak ee te ey. RCP Te eRe nie gt tae DEA) 16.0 23 
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SOSH Aaah Bi eteaey ae Maint dia, HiPLONN BAR ees Ghorsed VO Heke, 10 
SO STRAIN ted Saceeree eae cet Rae eae AWS it © 9 
SLUR hall OB emctons Gach oR deo ous oOo 24.0 12 sO 10 
SOOTY V2 ie ceed Sane te Rare eae BO 20.0 S ORS 
SOO DENIS Slot tan stench unre eee OE RS 20.8 U7 DU 
SOO Sere Ree Slave: cece tetas iene eee Da) Dil ,O 31 
SOO MIND. dae Mit HAG Annan me eteeotee 22.0 Bese 34 
SOD S AMPA Fe RE. SMS ed RE Neate aeaeelons D5) 15.0 23 
S09. Gen) pts. y, Sh Se ee 20.0 19.0 RS 
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Merychippus cf. campestris Gidley 
CUES 1, NeMUIES Ti, WH, DB, DA, 3, A, A, AB) 


A single P*, no. 3084, Calif. Inst. Tech. Vert. Pale. Coll., and two lower cheek 
teeth, nos. 3055 and 3062 CI.T., P, and M, respectively, differ from comparable 
teeth of M. isonesus but resemble those of Merychippus campestris and M. sejunctus 
from the Middle Miocene, Pawnee Creek beds. No. 3084 is larger than P* in the 
type of M. sejunctus, no. 8291, Amer. Mus. Nat. Hist., and is smaller than the com- 
parable tooth in the type of M. campestris, no. 9096 A.M.N.H. 


Comparative measurements (in millimeters) 


Spachman a0. Anteroposterior Transverse Approximate 


diameter diameter height 
5 CA beet eee rth tN Mal a i Meatla yaa 21.0 24.0 24 
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pie A.M.N.H. A.M.N.H. 
Anteroposterior diameter 
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1B « GAO AGRO ERC NIECES 5 to ee et an 25.0 26.3 24.2 
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In no. 3084 the protocone and hypocone are joined and there is a small enamel lake 
at the inner end of the postprotoconal valley. The fossettes have simple borders, and 
a moderate deposit of cement is present. A pli caballin is present in the specimen 
from Beatty Buttes and in the type of M. campestris, but is absent from the type of 
M. sejunctus. In M. campestris and M. sejunctus the metastyle and parastyle are 
directed more anteriorly than in the specimen from Beatty Buttes. In the latter these 
styles project at nearly right angles to the anteroposterior axis of the tooth crown. 

Two lower teeth are tentatively assigned to M. campestris. P., no. 3055, is similar 
to a comparable tooth, no. 8273 A.M.N.H., that has been referred to M. sejunctus 
(Cope). M,, no. 3062, resembles M,, no. 8273 A.M.N.H. The two teeth in the col- 
lection of the American Museum are more heavily cemented than any of the mery- 
chippine specimens in the collection from Beatty Buttes. Likewise the transverse 
diameter exceeds that in lower teeth of Merychippus from this locality. 
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Remains of a single individual of Merychippus, no. 3207 C.I.T., which include a 
fragmentary skull with complete set of worn teeth, a left ramus with cheek teeth, 
and scattered skeletal elements, were collected at the Corral Buttes locality. ‘The 
upper cheek teeth in no. 3207 are similar in enamel pattern to the type of M. sejunc- 
tus, no. 8291 A.M.N.H., but the tooth row is somewhat longer. No. 3207 approaches 
M. campestris, no. 9096 A.M.N.H., in size. The lower cheek teeth in no. 3207 are 
similar to those of the type of M. campeszris. 

In the stage of wear seen in no. 3207, protocone and hypocone are joined to meta- 
loph and protoloph. The plications on the fossette borders are also greatly simplified. 
A hypostyle is present in M? and M? of no. 3207, but is absent from the remaining 
teeth. These characters have probably been acquired through wear of the occlusal 
surface. A small accessory style, immediately anterior to the protocone, is present 


in M* of no. 3207. 


Merychippus sp. 
(Plate 1, figures 5, 52) 


An unworn M,, no. 3054, Calif. Inst. Tech. Vert. Pale. Coll., has a considerably 
longer crown than do the merychippine teeth already described from Beatty Buttes. 
The specimen may belong to a distinct species. No. 3054 compares in height of 
crown with M. paniensis, no. 8255, Amer. Mus. Nat. Hist., from the Pawnee Creek. 

An unworn M,, no. 3202 C.I.T., from Corral Buttes undoubtedly represents the 
same species as no. 3054 from Beatty Buttes. 


Measurements (in millimeters) of M3 of Merychippus sp. 


. Anteroposterior Transverse Avsproxsimatie 
Specimen no. diameter diameter height 
SOS Ee ate eo AS s Te. aca ee eee ee ee 24.0 9.1 Sil 
SLO Das Seine ee we nee 24.0 OZ 34 


Aphelops sp. 
(Plate 5, figures 1, 2, 22) 


Two slightly worn lower teeth, nos. 3085 and 3207, Calif. Inst. Tech. Vert. Pale. 
Coll., are referred to the genus Aphelops. In size and in degree of brachyodonty 
these specimens resemble Aphelops megalodus from the Snake Creek beds of Ne- 
braska and the Pawnee Creek beds of Colorado. 

According to Matthew, the three genera of rhinoceroses of the Middle Miocene, 
namely Aphelops, Peraceras, and Teleoceras, are not readily distinguished. The den- 
tition of Teleoceras is slightly more hypsodont than that of Aphelops, and in this 
character the material from Beatty Buttes is more like the latter genus. 

A single upper cheek tooth of Aphelops, no. 3206 C.I.T., and scattered skeletal 
fragments referred to this form were obtained at the Corral Buttes locality. The 
tooth is well worn, but appears to have been moderately short-crowned. The ante- 
crochet is usually the only accessory crest in molars of A. megalodus, and in this 
specimen shows slight development. ‘The posterior valley on the tooth crown is 
closed and thus suggests a form more advanced than A. megalodus. This feature, 
however, may be due to the advanced stage of wear. 
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Measurements (in millimeters) of teeth of Aphelops sp. 


; Anteroposterior Transverse Greatest 
Specimen no. diameter diameter height 
SAO IER ste: 3 cial: Maps Seca ct ete a ie ae eee en 49 58 DS 
2 ORIN Eigse weet emey eet tas, SY Pid erdat. aera ch NA 51 38 30 


3 OSes Vinee eeneck ene ayn arte) es vushaie tei ote <a ears 49 28 33 


Oreodontid (?) sp. 


No fossil remains of oreodons are certainly identified in the collection. An enamel 
fragment from Beatty Buttes may belong to this group of artiodactyls. 


Dromomeryx borealis (Cope) 
(Plate 6) 


The only fairly well preserved skull of a fossil mammal from Beatty Buttes belongs 
to Dromomeryx. This specimen, no. 3060, Calif. Inst. Tech. Vert. Pale. Coll., in- 
cludes enough of the cheek-tooth series to permit satisfactory comparisons. The 
skull is considerably crushed and distorted, and only the basal parts of the horns are 
preserved. A single M,, no. 3065 C.I.T., is also present in the collection. 


Measurements (in millimeters) of Dromomeryx borealis 


Anteroposterior Transverse Approximate 


Specimen no. Tooth wear 


diameter diameter height 
SOCOM EEE ere cee 48) 24 11 Worn 
SGD, IMP. oo scocccs 21 23 9 Worn 
SOCOM NI ee 18 a21 8 Worn 
SOGOU ENG ae eee aoe 14.5 17 78 Worn 
SOCOM ee te 17 16 7 Much worn 
SOCOM PARE Aree ee ost ae 12.5 3 Much worn 
5 JO Saal VC meer 32.58 IS 1955) Only slightly worn 
; , Approximate 

Dimensions (no. 3060) tet eee 
ILemedn OF jrresenvec! joairt @it Gm, oo oc ccccccccccc ss c0us eos es eee sees: 397 
Wiitolin measures! at OMmar GUTAGS OE IME, oo o505000000000005405008005050055006 86 
LEAN CE WOES? CNSARWOOUN, SSHES. 6 0 0000000000008500000000000000000b500% 104 
ILEMEAHO, GH WS? MRSMOEW CANES. o2000c0env00000ssegooccssubanggsdevesoecbs 44 
JLEDEKIN GE WHOS? GAOL CANIS, as ee ne co pela oc ee ese eens ne ere eee 60 


a, approximate. 


Skull. ‘The description of the skull of Dromomeryx borealis as given by Douglass 
(1909) applies well to the present specimen. In brief, the skull of Dromomeryx from 
Beatty Buttes is characterized by a*rather long, narrow facial part. The mid-point 
between the extreme anterior end and posterior end of the skull coincides approxi- 
mately with the anterior border of the orbit and the posterior end of the molar series. 
Anterior to the orbits are prominent fossae or pits in the facial part of the maxillary. 
These are not present in no. 827, Carnegie Mus. Coll., nor in the type, no. 8132, 
Amer. Mus. Nat. Hist. These depressions on either side of the snout are apparently 
not due to crushing of the specimen. | 

Dentition. The molar teeth are well worn, but are similar in size and pattern to 
specimens no. 827 and no. 1542 Carnegie Mus., described by Douglass. In no. 3060 
from Oregon the teeth lack the accessory style or pillar between the two principal 


132 CONTRIBUTIONS TO PALEONTOLOGY 


inner cusps. Lacking also is the spur which in no. 1542 extends from the inner pos- 
terior crescent into the valley between the posterior internal and external crescents. 
However, both this spur and a similar one branching from the anterior internal 
crescent are absent from no. 827. In their slightly complex enamel pattern, the cres- 
cents of the premolars in the Oregon specimen are more like those in no. 1542 than 
those in no. 827. 

The single third lower molar, no. 3065 C.I.T., agrees well in pattern with the speci- 
men of Dromomeryx borealis figured by Douglass (1909), but it is approximately ro 
per cent larger than the latter. 


Merycodus, possibly n. sp. 
(Plate 5, figures 3, 4) 


A fragment of a right ramus, no. 3066, Calif. Inst. Tech. Vert. Pale. Coll., with 
P,—M, poorly preserved, is larger than that in Merycodus loxocerus, but is not quite 
so large as that in M. hookway:. It is larger than M. nevadensis, described by Mer- 
riam (1911) from the Virgin Valley beds, northwestern Nevada. In P, the anterior 
and posterior lobes that project inward are particularly well developed. ‘The posterior 
lobe has an enclosed enamel lake. At the inner posterior side of the middle lobe, 
an extension of the enamel wall of this lobe projects backward. Because of this 
there is no open valley, but only a V-shaped incision between the middle and posterior 
lobes. ‘The anterior valley between middle and anterior lobes is also not so broadly 
open toward the lingual face as in M. loxocerus. 

The molar teeth are not so long-crowned as in M. hookway:. In these teeth the 
outer crescents are rounded, not acutely ridged. An intercrescent columnette is pres- 
ent in M, of no. 3066. The depth of the ramus below the molars is slightly greater 
in no. 3066 than in either the type or the paratype of M. loxocerus from the Tonopah 
Miocene, but this feature is apparently variable in the Nevadan specimens. Com- 
parison with merycodont material from Sucker Creek and from Skull Springs is dif- 
ficult because of incomplete preservation of the latter. No noticeable differences are 
seen. 

A horn-core fragment, no. 3194 C.I.T., approximates M. loxocerus in its diameter. 
This measurement is slightly larger than that in Merycodus nevadensis from Virgin 
Valley. 

Two horn-core fragments, nos. 3196 and 3197 C.I.T., are also known from Corral 
Buttes. 

Measurements (in millimeters) of Merycodus, possibly n. sp. 


Length of preserved part of cheek-tooth series, measured at level of 


occlusalsurface; stioy SOG0 220 st DeRose tees OE Sea 24.6 
IDSjordny, wre pene loon? WMO, TV, HUGO. oo cccccccccovaccnvoscoanvavvessocccvevevssvccces 155) 
IDietoneiSe Oe lord Core AloonyS lovivar, MMO, SIM). coos ccsccodcvcvevcccvvsaccacvcccceuens WAS: 


Merycodus sp. (?) 


A fragment of an inferior molar, no. 3195, Calif. Inst. Tech. Vert. Pale. Coll., is 
considerably larger than M. loxocerus, both in height and in anteroposterior diameter. 
It approaches M. hookwayi more nearly in size. 


Camelid (?) sp. 


Fragments of a tooth suggest the presence of the camel family in the Beatty 
Buttes fauna, but no generic designation is possible on the basis of these scanty re- 
mains. 
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Figs. 1, 1a. Merychippus cf. campestris Gidley. No. 3207, upper and lower cheek-tooth series, 


occlusal views. 
Fics. 2, 2a. Merychippus cf. campestris Gidley. No. 3084, P*, occlusal and lateral views. 
Fics. 3, 3a. Merychippus cf. campestris Gidley. No. 3055, Ps, occlusal and lateral views. 
Fics. 4, 4a. Merychippus cf. campestris Gidley. No. 3062, M1, occlusal and lateral views. 
Fics. 5, 5a. Merychippus sp. No. 3054, Ms, occlusal and lateral views. 


(Calhic, lhage, Wedn, Went, Pale, Coll, 2X i 
Beatty Buttes Miocene, Oregon 
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Fics. 1, ta. Hypohippus near osborni Gidley. No. 3199, P?, occlusal and lateral views. 

Fics. 2, 2a. Hypohippus near osborni Gidley. No. 3063, Ms, occlusal and lateral views. 

Fics. 3, 34. Parahippus cf. avus (Marsh). No. 3064, M1?, occlusal and lateral views. 

Fic. 4. Archaeohippus cf. ultimus (Cope). No. 3061, upper cheek tooth, occlusal view. 
_ Fic. 5. Archaeohippus cf. ultimus (Cope). No. 3203, fragment of upper cheek tooth, occlusal 
view. 

Fics. 6, 6a. Merychippus isonesus (Cope). No. 3096, Dp*, occlusal and lateral views. 

Fics. 7, 7a. Merychippus isonesus (Cope). No. 3047, P*, occlusal and lateral views. 

Fics. 8, 8a. Merychippus tsonesus (Cope). No. 3049, M!, occlusal and lateral views. 


Califsinst Mech VertePalem Colleen 
Beatty Buttes Miocene, Oregon 
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Fics. 1-1d. Mylagaulus cf. laevis Matthew. Nos. 3070A-E, 5 specimens of P4, occlusal views. 
Fics. 2-2d. Mylagaulus cf. laevis Matthew. Nos. 3069A-E, 5 specimens of P+, occlusal views. 
Fic. 3. Oreolagus (?), n. sp. No. 3074, P®—-M?, occlusal view. 

Fic. 4. Oreolagus (2), n. sp. No. 3088, M1—Mg, occlusal view. 

Fic. 5. Sciurus sp. No. 3078, P*—-M}, occlusal view. 

Fic. 6. Sciurus sp. No. 3077A, M!, occlusal view. 

Fic. 7. Liodontia cf. alexandrae (Furlong). No. 3082A, P4, occlusal view. 

Fic. 8. Liodontia cf. alexandrae (Furlong). No. 3083, P?-M!, occlusal view. 

Fic. 9. Insectivore, possibly erinaceid. No. 3068, right ramus with M1—Ms. 


Callie, limet, Ween, Wert, Palle, Coll lites, i, 2B XX 28 ties, 0) OX 5 
Beatty Buttes Miocene, Oregon 
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Fics. 1, 1a, 1. Amphicyon frendens Matthew. No. 3192, right ramus with P4—Mg, occlusal, 
internal, and external views. 


(Calle, Ihnet, edn, Wert, Palle, Coll, 2 O§ 
Beatty Buttes Miocene, Oregon 
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Fic. 1. Aphelops sp. No. 3206, P*?, occlusal view. 

Fics. 2, 2a. Aphelops sp. No. 3085, Mi?, occlusal and lateral views. 

Fic. 3. Merycodus, possibly n. sp. No. 3066, right ramus with P4—Me, lateral view. 
Fic. 4. Merycodus, possibly n. sp. No. 3194, horn core. 


Calttt, linet, eda, Wert, Palle, Coll, o< in 
Beatty Buttes Miocene, Oregon 
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Generic Identification of the Pleistocene 
Antelope from Rancho La Brea 


INTRODUCTION 


When the diminutive antelope from the Pleistocene asphalt of Rancho La Brea 
was originally described by Taylor (1911), comparison with Matthew’s genus 
Capromeryx was of necessity limited in scope. Jaw and skeletal remains of the 
former were available, but only an incomplete ramus with full cheek-tooth 
dentition comprised the Nebraskan type. Indeed, no adequate comparison be- 
tween the lower cheek teeth of these forms could be made, for whereas only 
milk teeth are present in the one form, permanent teeth occur in the other. 

Assignment of the Rancho La Brea species to Capromeryx was therefore tenta- 
tively made by Taylor, and was in part based upon the fact that the Californian 
form and Capromeryx showed a similar size relation to the modern pronghorn 
antelope. At the time of Taylor’s description, Capromeryx was regarded as com- 
ing from Pleistocene beds in Nebraska. 

Subsequent authors, following Chandler (1916), definitely regarded the 
extinct asphalt species as belonging to the genus Capromeryx. ‘The correctness 
of this determination was first questioned by Hesse (1935). Later, Stirton 
(1938) discussed more fully the reasons why the Californian and Mexican 
species could not be assigned to Capromeryx. 

A restudy of the material of the small antelope from Rancho La Brea has 
convinced the writer of the soundness of the views presented by Hesse and 
Stirton. The species minor is therefore placed in a new genus. 


Breameryx, n. gen. 


Type specimen. No. 12523, Univ. Calif. Vert. Pale. Coll., a left ramus with milk 
teeth, originally described as Capromeryx (?) minor Taylor. 

Plestotype. No. 1126, L. A. County Mus. Vert. Pale. Coll., a mounted skeleton. 

Locality and age. Rancho La Brea Pleistocene. 

Generic characters. Premolars more hypsodont than in Capromeryx; P, with single 
enamel indentation on lingual side of crown. Alveolar measurement of cheek teeth 
(P,-M, inclusive) shorter than in the Nebraskan antelope. Third or posterior lobe 
in M, relatively longer; ramus of mandible not so elongated as in Capromeryx fur- 
cifer. Skull relatively broad in comparison with length; orbits large and tubular; 
bullae strongly expanded. Horn cores consisting of a short spurlike front prong 
and a distinctly taller hind prong, which is rounded in cross section. The two prongs 
are closely situated, end in points, and arise from a common base or pedestal. The 
latter outgrowth of the frontal is above the laterally expanded supraorbital rim. Limb 
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elements slender and elongated. Five species have been described and are here re- 
ferred to Breameryx. These are: 


. minor (Taylor); Rancho La Brea, California. 

. mexicana (Furlong) ; Tequixquiac, Mexico. 

. arizonensis (Skinner); NW. of Papago Cave, Wiser 
4 gidleyi (Frick); Curtis Flat, Arizona. 

. minimus (Meade); West Texas. 


wodw ws 


Only future studies of larger collections will decide whether or not all these 
forms are valid species. In view of the wide range of the modern Antilocapra 
americana, it seems at least possible that the specific divergencies within the 
genus Breameryx have been overemphasized. | 

No. Z8511, L. A. County Mus. Vert. Pale. Coll. (pl. 2, figs. 2, 2D)). 1S & right 
ramus of the mandible, almost identical in size with a specimen of B. mexicana, 
no. 3243, Calif. Inst. Tech. Vert. Pale. Coll., from Tequixquiac, Mexico. The 
teeth are strongly hypsodont in both. In thee jaw from Rancho La Brea the 
ascending ramus arches rather abruptly in an upper posterior direction from 
the level of M;. The coronoid process extends over the buccal side of the condyle 
and terminates on a line with the posterior margin of the broadly expanded 
angle. The posterior part of the jaw below the condyle is somewhat constricted 
and measures 28.2 mm. in depth. From this region the lower margin extends 
forward to the anterior end of the diastema, where the jaw is only 9 mm. deep. 

Ill eve (HOS Or 1d, “OUMOP?, WO, 17522 WC, (Ol, 2, ines, m, 17), Gone maillk ween aie 
hypsodont. In an older fawn, represented by specimen no. 19933 U.C., the 
mental foramen is elongate and the diastema is relatively short, two characters 
that were previously noted in B. mexicana. In B. minor the lingual faces of the 
lower premolars lack the pronounced styles seen in Capromeryx. In P, the trans- 
verse diameter of the posterior part of the tooth is not so great as in Capromeryx, 
and conforms to the narrower width of the molars in Breameryx. In the pre- 
molars the re-entrant folds on the lingual side are shallow. In contrast, P, in 
Capromeryx has a deep lingual inflection which aids in demarcating an anterior 
lobe from shallower inflections on the buccal face of the tooth in the posterior 
third of the crown. The crown pattern of P, in Merycodus hookwayi is much 
like that in Capromeryx, but smaller, with lingual infolds much deeper and 
dividing the crown into three rather than two parts. In comparison with 
Breameryx, the premolar teeth seen in ramus no. 713 C.L.T. of M. hookwayi 
and in ramus no. 1298 C.I.T. of M. loxocerus are almost brachyodont, yet they 
occupy a space which closely approximates that of the alveoli in the former. 
Since the teeth have shallow roots, the ramus is slender. The diastema is rela- 
tively longer, and the ascending ramus rises less abruptly than in Breameryx. 
Morphological comparison between specimens of Capromeryx and Breameryx 
gives small evidence of close relationship other than in those Bener ESE 
acters common to the antilocaprid group. 

In view of the variability caused by difference in age of individuals and con- 
dition of crown wear in dentitions, certain allowances must be made in the 
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correlation of size and pattern of teeth. It is apparent, however, that antilocap- 
rid genera differ decidedly in length of the cheek-tooth series, and in length of 
diastema. In the type ramus of Capromeryx furcifer the premolar-molar length 
is 55 mm.; Breameryx mexicana and B. minor show equal lengths of 47.0 mm. 
Nine individuals of Merycodus loxocerus average 44.9 mm. in length. The rami 
of 10 mature individuals of Stockoceros have an average measurement of 66.9 
mm. Each genus apparently has a fairly constant anteroposterior length of the 
lower cheek-tooth series. The length of diastema also varies between one genus 
and another, with other concomitant changes in the morphology of the jaws. 

No Breamery«x horn cores associated with dentitions have so far been recorded 
from undoubted Pliocene strata. There probably is a transitional stratigraphic 
zone between the Pliocene and Pleistocene, in which evidence may be found 
linking the early antilocaprids in closer relationship. The kinds of horn cores 
seen in skulls of Cosoryx and Merycodus from the Miocene and Lower Pliocene 
may have given rise to some of the distinctive horn-core structures of the later 
Cenozoic. With the passing of Quaternary time in North America came the 
extinction of all the Antilocapridae except Antilocapra americana, with simpli- 
fied type of horn core. 

Horn cores of Recent A. americana show diversity in their shape. Some cores 
are modified to an extreme degree from the norm, and if found fossil unas- 
sociated with skeletal parts might be considered as presenting structural evidence 
of specific or even generic value. 

As in the case of A. americana with its former wide geographical range, 
Breameryx, on the basis of remains so far discovered, had an extensive distribu- 
tion during Pleistocene time. Breameryx, like A. americana, probably lived in 
a plains environment, but was not confined to the high plains. In the region 
about Rancho La Brea it occupied a habitat in which grasslands were inter- 
spersed with clumps of brush and trees, 


CoNCLUSIONS 


A review of available specimens of Capromeryx (?) minor and of the litera- 
ture describing this antilocaprid makes it necessary to distinguish the asphalt 
form generically from Capromeryx. The name Breameryx is therefore pro- 
posed. Five species referred by authors to Capromeryx may belong to 
Breameryx. Matthew's type species Capromeryx furcifer is apparently from 
the Pliocene, as are also the species C. altidens and C. texanus. The stratigraphic 
range of Breamery« lies within the Pleistocene. 


BIBLIOGRAPHY 


CHANDLER, A. C. 1916. Notes on Capromeryx material from the Pleistocene of 
Rancho La Brea. Univ. Calif. Publ., Bull. Dept. Geol., vol. 9, no. 10, pp. 111- 
120. 

Frick, Cuitps. 1937. Horned ruminants of North America. Bull. Amer. Mus. 


Nat. Hist. 669 pp. 


140 CONTRIBUTIONS TO PALEONTOLOGY 


Furtone, E. L. 1925. Notes on the occurrence of mammalian remains in the 
Pleistocene of Mexico, with a description of a new species Capromeryx mexicana. 
Univ. Calif. Publ., Bull. Dept. Geol. Sci., vol. 15, no. 5, pp. 137-152. 

1943. The Pleistocene antelope, Stockoceros conklingi, from San Josecito 
Cave, Mexico. Carnegie Inst. Wash. Pub. 551, I, pp. 1-7. 

Gazin, C. Lewis. 1942. ‘The late Cenozoic vertebrate faunas from the San Pedro 
Valley, Arizona. Proc. U. S. Nat. Mus., vol. 92, no. 3155, pp. 475-518. 

Hesse, C. J. 1935. New evidence on the ancestry of Antilocapra americana. Jour. 
Mammal., vol. 16, pp. 307-315. 

1936. A Pliocene vertebrate fauna from Optima, Oklahoma. Univ. Calif. 
Publ., Bull. Dept. Geol. Sci., vol. 24, no. 3, pp. 57-70. 

MattrHew, W.D. 1904. Complete skeleton of Merycodus. Bull. Amer. Mus. Nat. 
Hist., vol. 20, art. 7, pp. 101-129. 

Meape, Grayson E. 1942. A new species of Capromeryx from the Pleistocene of 
west Texas. Bull. Texas Archeol. and Paleontol. Soc., vol. 14. 8 pp. 

SKINNER, Morris F. 1942. The fauna of Papago Springs Cave, Arizona, and a 
study of Stockoceros; with three new antilocaprines from Nebraska and Arizona. 
Bull. Amer. Mus. Nat. Hist., vol. 80, pp. 143-220. 

Strrton, R. A. 1938. Notes on some late Tertiary and Pleistocene antilocaprids. 
Jour. Mammal., vol. 19, pp. 366-370. 

Stock, CHESTER. 1932. A further study of the Quaternary antelopes of Shelter 
Cave, New Mexico. Los Angeles Mus. Publ. No. 3, pp. 1-45. 

Taytor, W. P. 1911. A new antelope from the Pleistocene of Rancho J.a Brea. 
Univ. Calif. Publ., Bull. Dept. Geol., voi. 6, no. 10, pp. 191-197. 


‘ 


Pees 


Carneciz Inst. WASHINGTON Pus. 551, Paper VII—Furtone PLATE I 


Breameryx minor (Taylor) 
Fic. 1. Plesiotype skeleton. No. 1126, L. A. County Mus. Vert. Pale. Coll. Rancho La Brea 
Pleistocene. 
Fic. 2. Restoration of animal by William Otto. 
Figures greatly reduced 
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Breameryx minor (Taylor) 
Fics. 1, 1a. Type ramus, buccal and lingual views. No. 12523, Univ. Calif. Vert. Pale. Coll. 
Fics. 2, 2a. Part of ramus of fawn. No. 19977, Univ. Calif. Vert. Pale. Coll. 
Fics. 3, 3a. Part of adult ramus, showing hypsodont dentition, ascending ramus, and angle 
of jaw. No. Z8511, L. A. County Mus. Vert. Pale. Coll. Rancho La Brea Pleistocene. 


Capromeryx furcifer Matthew 
Fics. 4, 4a. Cast of type ramus, buccal and lingual views, showing character of the teeth. 


Figures approximately natural size 
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A Review of the Pleistocene Birds 
of Fossil Lake, Oregon 


INTRODUCTION 


In the latter part of 1942 a new collection of fossil bird bones from the Fossil 
Lake deposits of Oregon was made available to the writer through the courtesy 
of Dr. Ira S. Allison, of Oregon State College. The material was collected by 
Dr. Allison from 1939 to 1941, in the course of a geologic study of the area for 
the Carnegie Institution of Washington. 

When the study of these bones was begun, it soon became obvious that, in 
order properly to evaluate the collection, it would be necessary to review the 
earlier material from Fossil Lake as well. Many species previously listed did not 
appear in the later material, and questions arose concerning relationships of 
some of the extinct forms. In the last century, and even within recent years, 
large series of modern bones were not available for comparison. The wide 
range of variation which often exists among members of certain species was not 
recognized, nor were the cases of overlapping of characters between different 
species always apparent. Consequently, it was natural that in the large as-— 
semblage of fossil bones which formed the basis of Cope’s (1878, 1889a, 18890) 
and Shufeldt’s (1892, 1913) studies of Fossil Lake, many errors of identification 
should have occurred. 

Although even now our modern comparative series of skeletons leaves much 
to be desired, we have, in most instances, from three to ten modern skeletons of 
the more significant species. ‘This is in contrast with the one or two, and some- 
times none at all, which were available to Cope and Shufeldt. In the hope, 
therefore, that further study would clarify many points and perhaps rectify 
errors, the writer enlisted the aid of the institutions in which the older collec- 
tions are now housed. As a result, it has been possible to have at hand for study 
the early collections of Fossil Lake bird material from the University of Oregon 
(Condon collection, 1877); the American Museum of Natural History (Cope 
collection, 1877-1879) ; the United States National Museum (collected by Rus- 
sell and Day, 1882-1883); and the University of California (collected by Annie 
M. Alexander party, 1901). To these are added two other small collections not 
heretofore reported upon: one from the University of California at Los Angeles 
(collected by Stock and Furlong, 1923-1924), and one from the California Insti- 
tute of Technology (Stock and Furlong, 1927-1931). This material has been 
loaned by courtesy of the institutions named and through the efforts of Dr. 
Warren D. Smith, Mrs. Rachel Nichols, Dr. Alexander Wetmore, Mr. Ruben 
Stirton, Dr. Loye Miller, and Dr. Chester Stock. Casts of Cope’s and Shufeldt’s 
types have been generously made available by Mrs. Nichols, of the American 
Museum of Natural History, and in most instances have been examined in lieu 
of the original type specimens. 


143 


144 CONTRIBUTIONS TO PALEONTOLOGY 


With all the fossil bird material known to have been taken from the Fossil 
Lake beds thus available for study, it has seemed advisable to treat the as- 
semblage as a whole. ‘Therefore, the review (and revision) of the older material 
is incorporated in a general survey of the entire avifauna, and no attempt has 
been made to discuss the contents of the new collections separately. 

An endeavor has been made to rectify errors of previous identification where 
possible, but it has been impossible to present a detailed account of all revisions 
of identification of individual specimens. Usually several bones, formerly as- 
signed to one species, bear the same catalogue number, and where these speci- 
mens have had to be separated and reassigned, a detailed explanation would 
prove more complicated than valuable. Many changes are indicated, however, 
and wherever feasible, the location (as to collection) of newly identified speci- 
mens is noted. Yo avoid repetition of the institution names when specimen 
numbers or references are given, the following abbreviations have been used: 


AMNH, American Museum of Natural History (Cope collection) 
CIT, California Institute of Technology 

OSC, Oregon State College 

UCLA, University of California at Los Angeles 

UCMP, University of California Museum of Paleontology 

UO, University of Oregon (Condon collection) 

USNM, United States National Museum 


Much of the modern comparative skeletal material used is in the collections 
at the Los Angeles County Museum. However, Dr. Alden H. Miller, of the 
University of California, Berkeley, Dr. Loye Miller and Mr. Adriaan van 
Rossem, of the University of California at Los Angeles, and Dr. Wetmore, of 
the U.S. National Museum, have kindly loaned additional specimens as needed. 

I wish to take this opportunity to thank those already named who have made 
both fossil and recent material available. I should like, also, to express my 
appreciation to Mr. Malcolm Jollie, of the Museum of Vertebrate Zoology, for 
preparing a list of measurements of the 67 coot skeletons in the collections of 
that institution; to Mr. George Willett, curator of ornithology, Los Angeles 
County Museum, for many helpful discussions concerning modern birds of the 
Oregon desert region; and to Dr. Chester Stock, who has generously provided 
information concerning his own field investigations at Fossil Lake, and has 
given me the advantage of his counsel throughout this undertaking. 


HisroricaL REVIEW 


The Pleistocene bone-bearing deposits of Fossil Lake are located about 5 miles 
from Christmas Lake and 25 miles northeast of Silver Lake, in the Oregon 
desert region. Some confusion has arisen in the terminology of different authors 
as applied to the locality, the names Silver Lake, Christmas Lake, and Fossil 
Lake all being used. A careful study of the writings of the early workers in 
the field leads to the conclusion that all terms refer to the same deposits, namely, 
those of the small dry lake bed lying in longitude 120° 30’ west, latitude 43° 20° 
north. (See Elftman, 1931, p. 1.) 
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According to Russell (1884, pp. 459-460), the locality is in the northern exten- 
sion of an ancient lake which flooded the Silver Lake and Christmas Lake 
valleys in the Pleistocene. It lies specifically in the Christmas Lake Valley, as 
defined by Waring (1908, p. 59), but, at the same time, if Russell’s conjectures 
are correct, the entire region might have been termed the Silver Lake region. 

The fossil deposits were discovered by Governor Whiteaker of Oregon, in 
1876 (McCornack, 1920, p. 16), but the first scientific collection was made by 
Thomas Condon in 1877. The description of Condon’s trip is recorded in his 
journal, reproduced in his biography (McCornack, 1928, pp. 196-202). He de- 
scribed the locality (zdid., p. 201) as being “an apparently circular depression 
four or five miles across, with some grass and tules in its lowest portions and in 
the middle a small pond or lake . . . The depression is bordered with a line of 
sand dunes formed unquestionably from sands blown from the bed of the lake 
that once occupied the whole of this basin. It is the blowing out of this sandy 
sediment which exposes the fossils in its depth.” 

With regard to the fossils which he collected, Condon stated (zdid., p. 202), 
“The rarest and most valuable fossils collected on this expedition were the 
eighty bird bones which were unusually perfect and in a fine state of preserva- 
tion.” 

Condon was followed later in the same year by Charles H. Sternberg, who 
collected for E. D. Cope. Sternberg it was who first bestowed upon the locality 
the name “Fossil Lake” (Sternberg, 1909, p. 158). His description of the locality 
 (zbid., pp. 158-159) accords closely with that written by Condon. 

In 1879, Cope himself visited the area. As he was conducted to the site by 
Charles Whiteaker, son of the governor of Oregon, who had also been Condon’s 
guide, there is no doubt that he reached the same locality, though his description 
shows the lake to have been completely dry at this time (Cope, 1889, pp. 
977-980). 

In 1881-1882, I. C. Russell conducted a geological reconnaissance of southern 
Oregon and collected a few fossils, including one bird bone now in the col- 
lections of the U. S. National Museum. His description of the location of the 
fossil beds (1884, p. 460) again agrees with the previous reports. A few other 
bird bones, now in the U. S. National Museum, were collected the following 
year by William Day. For this trip no record is at hand, but there is no reason 
to believe that the locality was different. The term Christmas Lake is used on 
the specimen labels for both Russell’s and Day’s collections, whereas Condon 
and Cope used the name Silver Lake, or Silver Lake region, though Cope also 
introduced Sternberg’s term Fossil Lake. All these early collectors apparently 
used Button’s Ranch, near Christmas Lake, as headquarters, and the name ap- 
pears on some of the specimen labels. 

Subsequent visits were made to the fossil beds by parties from the University 
of California (Annie M. Alexander party, 1901; Chester Stock and E. L. Fur- 
long, 1923-1924), California Institute of Technology (Stock and Furlong, 1927- 
1931), and Oregon State College (Ira S. Allison, 1939-1941). All these col- 
lectors have referred to the deposit as Fossil Lake. 

A wealth of fossil material has been assembled as a result of the work of these 
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many collectors. Several species of mammals and fishes have been recorded in 
addition to the birds which are the subject of the present study. 

The early collections of bird bones were first reported on by Cope (1878, pp. 
386-389). At this time he listed ten species, three of which he described as new 
to science. No illustrations of the extinct species were given, although characters 
were distinctly delineated by word, and.measurements were included. Cope’s 
list follows (zdid., p. 389): 

“Podiceps occidentalis 
Podiceps near californicus 
Podilymbus podiceps 
Graculus macropus, sp. nov. 
Anser hypsibatus, sp. nov. 
Anser canadensis 
Anser albifrons gambeli 
Anser near nigricans 
Cygnus paloregonus, sp. nov. 
Fulica americana’ 

The same list was repeated in two later papers by Cope (18894, 18890), with 
the added notation “And numerous other species.” He did no further detailed 
work on the birds, however, but turned over his collection to R. W. Shufeldt 
for this purpose. 

Shufeldt’s first study was based on specimens in the Cope and Condon col- 
lections, numbering, according to his estimate, over 1500 bones. ‘The results of 
this study were published in detail in 1892, with two brief papers on the subject 
appearing the previous year (18914, 1891). As the second of these papers 
(18914) presented short descriptions of the several species which he then de- 
clared to be extinct, each of these species takes 1891 as its date of original descrip- 
tion. This is unfortunate, as the illustrations and complete descriptions did not 
appear until 1892, in his quarto monograph. The list of recorded species of 
birds from Fossil Lake rose to 50 with the publication of Shufeldt’s papers, 
including 14 newly described. 

In 1911, Loye Miller studied the material collected by Miss Alexander for the 
University of California, and added three species to the list, including one 
extinct form. 

In 1913, Shufeldt again reviewed the avifauna of Fossil Lake, including in 
his study this time the small collections of Russell and Day at the U. S. National 
Museum, as well as the Cope and Condon material. Twenty-one species were 
added to the list, bringing the total of all avian species recorded from the 
locality to 74, 21 of which were described as extinct. This list appears near the 
end of the present paper, with the list as now amended. With the exception of 
a few revisions or comments on individual species, no further study of the birds 
of the locality has been published since 1913. 


DiscussIon 


In the combined seven collections from Fossil Lake, a total of 2500 bones have 
been given at least family identification, and over 1800 have been specifically 
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referred. The Cope collection is by far the largest, with over 1600 bones now 
classified. ‘The collection from Oregon State College includes 453 specimens; 
that of the University of California at Los Angeles, 124; the Condon collection, 
104; that of the University of California Museum of Paleontology, 87; of the 
California Institute of Technology, 80; and of the United States National 
Museum, 20. 

Of the 74 species recorded for the locality up to 1913, 25 are now eliminated. 
On the other hand, 17 have been added, bringing the total number of species 
now listed to 66 (not including the doubtfully classified small passerines). Of 
this number all but 7 are included in the Cope collection. The number of 
extinct forms has been reduced from 21 to 16. Another 2, however, are suf- 
ficiently distinct from modern forms to warrant some expression of difference, 
although there is too much overlap to separate them specifically. In both in- 
stances, it appears, rather, that the species have been undergoing gradual change 
since the Pleistocene, resulting in a blending of characters between the Pleisto- 
cene and Recent stages. This is a situation which should be expected in nature, 
and will probably become more and more apparent to future paleontologists as 
larger collections of fossil and recent skeletons become available. Some means 
of expressing this transition should be decided upon. Simpson’s (1943, pp. 170- 
177) suggestion of considering overlapping forms of two geological periods as 
subdivisions of a “chronocline,” and expressing the relationship with the trino- 
mial, seems logical, though it may on occasion result in confusion with the 
trinomial designation of the geographic race. Nevertheless, the writer has chosen 
to apply the chronoclinal trinomial in the two instances here encountered, 
namely, Aechmophorus occidentalis lucast and Fulica americana minor. 

Calculation of the number of individual birds represented has been made 
by counting the lefts or rights of the most abundant element of each species, 
throughout the several collections. Though only a minimum estimate, this 
provides some idea of the relative abundance of the forms included. A list of 
the major groups, with the number of specimens, number of individuals, and 
number of species represented for each, follows: 


Relative abundance of the represented avian orders 


Ordee No. No. No. 
specimens individuals species 
Co lym ifOnmres ie Waescsct bes ce hes, Nea 921 86 + 
elecaniformes waneccis sens sad oe oes 61 9 3 
Gicontifornmesmia tame ee eee 26 10 4 
ANTSAMMICINNES s amie eke ie eee ae eee GIBIES 150 (approx.) DS) 
yall COMMORIMNESH rate we 2 scien k Ss elon Wy, 7 6 
Calli hoOnmespwes ee eesh mores orate cin ek a 107 16 5 
Greil nimesmewew ete ek ete kee, 162 24 ) 
Charaadniiiorimesne aris ce oa as cn 2 70 24 13 
S til SilOGmlesrmemeeas we Mier lak | aed aioe ic 2 1 1 
FA CIRO TIMES Myre ee ye este eee tina hr ie edie 1 1 1 
ASSCRILOIGINES ree ee ke ake LS 4 (or 5) 


2500 336 68 (or 69) 
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COLYMBIFORMES 


Owing to the great number of bones of Aechmophorus, grebes are exceedingly 
abundant in the Fossil Lake collections. Over 900 specimens represent at least 86 
individuals. | 

Eight species of grebes, including three extinct forms, were previously recorded 
from this locality, but in the light of the present study, certain amendments are sug- 
gested. 


Species previously recorded Amended list 
Avechmophorus occidentalis|’ |)... ........e. Aechmophorus occidentalis *lucasi 
*Aechmophorus lucasi 


Colymbus grisegena 


*“Coly mbus' 'panvuSics: sons «kee eee eee *Colymbus parvus 
Colymbus auritus 
Colymbus nigricollis........ ira t teh de ee eee EN Colymbus nigricollis 
IHOaN NATO OUIS (NOCHONOS. so ooocc oan 0s 000 o00bC000 Podilymbus podiceps 


*Podilymbus magnus 


*Described as extinct. 


Aechmophorus occidentalis lucasi Miller 


Bones of large grebes are found in abundance, totaling over 800 specimens and 
representing at least 65 individual birds. It is immediately obvious that Colymbus 
grisegena is not represented in this assemblage. Contrary to Shufeldt’s conception of 
the skeleton of this bird—which he did not have for comparison when recording 
the species (under former name, C. holboelli, 1913, p. 130)—it can be clearly distin- 
guished from Aechmophorus in characters other than the over-all length of the 
separate bones. 

The entire assemblage of large grebe bones can be assigned to Aechmophorus. 
Certain bones in the series are indistinguishable from the Recent A. occidentalis. On 
the other hand, there are numerous large specimens which do not fall within the 
present size range of the 7 or 8 modern skeletons available, or, in the case of the 
tarsometatarsus, within the range of measurements on some 20 skins. Among these 
large fossil specimens is the femur (UCMP no. 12605) described by Miller (1911, 
pp. 83-84, figs. 1, 2) as the type of Aechmophorus lucasi. 

Examining the fossil series now available, it becomes evident that there is no line 
of demarcation between the largest and the smallest of the specimens. In the femur, 
for example, 63 complete bones on which length can be measured follow a normal 
curve from a minimum of 42 mm. to a maximum of 50.2 mm. (mean 46.5 mm.), the 
type of A. lucasi (48 mm.) falling beyond the peak of the curve. Eight bones of 
Recent western grebe range in size from 41.7 to 47.0 mm., with a mean of 44.3 mm. 
It is significant that, among the 63 complete fossil femora, not one specimen is as 
small as the minimum of the few available Recent birds. 


Measurements of femora 


Length (mm.) N No. exceeding No. exceeding 
Wee mean of maximum of 
Max. Mean Min. 22escimens Recent Recent 
HioSSiley eee 50.2 46.5 42.0 63 51 (80%) eS (SOY) 
Recents hee wie 47.0 44.3 AML 7 8 SCOTS eee 


Unfortunately there are only 4 specimens of fossil tibiotarsus on which the meas- 
urement of length can be made. Even in this small series, however, the largest ex- 


THE PLEISTOCENE BIRDS OF FOSSIL LAKE, OREGON 149 


ceeds the maximum of the 8 available Recent skeletons, and the minimum 1s slightly 
above the average for the Recent. 


Measurements of tibtotarsi 


Length (mm.) No. No. Pee No. picecdine 
Max. Mean Min. specimens TReaor BoReteae : 
Fiossile. cs kot Me ih ue. ISOQ.2 12 OD Nil®) al 4 SECO) 1 (25%) 
RWeGenta. see onan IQS WIO.@ Walia 8 AA (SOS ae lai eteni ar. 


In the case of the tarsometatarsus, it was possible to compare the range in size of 31 
fossil bones with measurements of tarsus on 20 skins and 7 skeletons. In Miller’s 
original description of this element in Aechmophorus lucasi (1911, pp. 83-84), six 
characters were enumerated in which this species differs from A. occidentalis: (1) 
greater length, (2) stouter shaft (greater breadth), (3) convex anterior border of 
shaft (revealed by greater depth of shaft), (4) narrower head, (5) narrower inter- 
condylar tuberosity, (6) greater elevation of inner border of articular head. 

The 7 skeletons of Recent 4. occidentalis have been compared with the 31 fossil 
tarsi in regard to these characters. In this series, the sixth character (greater eleva- 
tion of inner border of articular head) does not seem to be valid. In the other five, 
however, the fossil and Recent bones appear to diverge to a certain extent. That is, 
the fossil bones average longer, with stouter and deeper shaft; there is an indication 
of narrower intercondylar tuberosity and, to a less extent, narrower head in the ratio 
of these measurements to over-all length. 

A study of the complete series of fossil tarsi and their measurements shows that 
70 per cent of the bones fall above the mean of Recent Aechmophorus occidentalis 
in at least four of the five characters listed, and that 80 per cent are out of the range 
of A. occidentalis entirely in at least one of the characters. The cotype of A. lucasi 
is included in this latter group. However, although it is outside the range of occiden- 
talis in only one character, it is above the average of the Recent species in three others. 
In length the cotype (UCMP no. 12603, 74.6 mm.) is below the mean of the fossils 


now at hand, and close to the average of the available series of 4. occidentalis. 


Measurements of tarsometatarst 


N No. exceeding No. exceeding 
Max. Mean Min. al mean of maximum of 
Se Recent Recent 
Greatest length (mm.): 
ROSSI Ean arr 85.8 Mo 68.7 31 23 (4%) 6 
Recenty ss ok. 81.5 TAS 68.6 Dil PSV(ASO Aa oo) Piero six se 
Ratio, breadth of shaft to length of bone (%): 
POSEN Aaa Ose ee 5.0 4.9 4.6 30 19 (63%) 12 
IReCeNn tis jas aos. 5.0 4.6 4.3 7 AS (SiO ean ye eget 
Ratio, depth of shaft to length of bone (%): 
ossillperancn sa. 9.8 9.2 8.5 30 27 (90%) 1, 
Recentaseeae ee 9.3 8.7 8.2 7 AS SEGA) a tae, a ok cea 
No. below No. below 
mean of minimum of 
Ratio, breadth of head to length of bone (%): Recent Recent 
DORE 5 Aenea et 1S, i 16.9 15.4 26 13 (50%) 3 
IRecentisits ss. 50 18.2 17.3 OMS 7 61 OT wre teae i ee 
Ratio, breadth of intercondylar tuberosity to breadth of shaft (%): 
ROSSI Rip mask eee 162 140 123 33 30 (90%) DD) 


INE Centres. 170 154 146 7 AN SY )Nie dL emee ee 
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The series of 68 fossil coracoids shows less divergence from the Recent skeletons 
than is found in the leg bones. The fossils, however, average longer. ‘The slender- 
ness noted by Miller (1911, p. 84) in the cotype coracoid (UCMP no. 12604) appears 
to be associated with the fact that the specimen is an incompletely ossified bone of a 
young individual. Similar slenderness of fossil coracoids is noted only in other 
young specimens in the collections. 


Measurements of coracoids 


Length (mm.) Neo No. exceeding No. exceeding 
i - specimens mean of maximum of 
ax. ean Min. Recent Recent 
Rossi Gary vay se 50.3 46.5 40.4 68 40 (59%) 6 
INCCEIiennce jae AD .1 44.3 40.5 8 SHS oP Maen 


The measurable series of each of the wing elements is very small, and none shows 
the divergence from occidentalis exhibited by the bones of the leg. It is possible, of 
course, that a larger series would show greater divergence. It is equally possible, 
however, that the body size and wing length may have remained fairly stable through 
time, with variations occurring largely in the leg elements. 


Measurements of wing bones 


Length (mm.) No No. exceeding No. exceeding 
yin eet = mean of maximum of 
Max. Mean Mine eeu Recent Recent 
Humerus: 
OSs lea 124i 118.9 110.2 6 5 (83%) 0 
IRGQCOMEs ceo00 IVS. 116.1 108.7 8 3 (7%) 
Ulna 
POSE. o's S066 110.8 103.1 101.4 3 2 (66%) 0 
INCCEnIEREe 116.3 106.0 D7 5 i 7 4 (57%) 
Carpometacarpus: 
OSS en SOM 5 «i 47.9 10 5 (50%) 0 
Recentyssas. 55.3 50. 47.0 8 3 GLY) 


After a study of the complete assemblage of large fossil grebe bones, it becomes 
evident that there is but one genus (Aechmophorus) and one species represented. 
This species averages larger than A. occidentalis of today, especially in length of leg 
bones, although overlapping the Recent form in its range of variation. It is not, 
however, a subspecies of the Recent bird in the ordinary sense of the term. Rather, 
it is logical to assume that the living 4. occidentalis is directly descended from the 
Pleistocene form, with no obvious break between the two. There has been no term 
in zoological nomenclature to express this gradation from one form to another in 
time. Simpson’s (1943, pp. 170-177) recent suggestion, however, of the use of 
the trinomial for what he terms the subdivisions of a “chronocline” seems to provide 
a logical terminology. 

The writer feels strongly that some notation should accompany the recording of 
this grebe so that its slight distinction from the living form may be apparent in the 
future, without necessity of reference to the details of this study. Whether or not 
the trinomial is the ultimate solution, it can at least be applied temporarily. It is 
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therefore suggested that the name /ucasi be transferred to trinomial position and 
that the entire series of Aechmophorus bones from Fossil Lake be known as Aech- 
mophorus occidentalis lucasi.. The characters distinguishing this chronoclinal sub- 
species from the Recent bird may be briefly summarized as follows: (1) relatively 
longer legs (36 per cent of femora, 25 per cent of tibiotarsi, and 20 per cent of tar- 
sometatarsi longer than the maximum in Recent A. occidentalis); and (2) tarsomet- 
atarsi relatively broader and deeper of shaft, but narrower in the region of the proxi- 
mal articulation (80 per cent of fossil tarsometatarsi are distinct:from Recent A. oc- 
cidentalis in one or more characters pertaining to length, breadth, or depth). 


Colymbus parvus Shufeldt 


Bones of grebe intermediate in size between western grebe and eared grebe were 
described by Shufeldt (1913, p. 136) as Colymbus parvus. Although Shufeldt’s type 
material included 3 bones now referred to coot, and 3 others clearly belonging to 
some species of duck, Wetmore (1937, pp. 199-200), in his review of the species, has 
shown that the remaining 3 bones represent a grebe properly deserving of species 
distinction. Of these specimens (a nearly complete tarsometatarsus and 2 coracoids), 
Wetmore (7bid., p. 200, figs. 14, 15) selected the tarsus as type. All show similarity 
to Colymbus grisegena except for appreciably smaller size. 

The present survey has revealed 7 other specimens of a medium-sized grebe which 
are here assigned to C. parvus. The complete list of available specimens of this 
species follows: A nearly complete tarsometatarsus (type, AMNH no. 3570); distal 
end of tarsometatarsus, and proximal end of tibiotarsus (AMNH no. 3672); 2 cora- 
coids (cotypes, AMNH no. 3570); a carpometacarpus (AMNH no. 3572A); femur 
and coracoid (UCMP no. 31771); and an imperfect ulna and carpometacarpus (OSC 
2500/18 and 19). A distal end of femur (UCMP no. 31795) is tentatively referred 
to this species. 

As Wetmore has already discussed the tarsometatarsus and coracoid of this species, 
only the remaining elements are described here. 

Carpometacarpus. Measurable specimen of fossil carpometacarpus 2 mm. smaller 
than minimum of 4 available Recent carpometacarpi of Colymbus grisegena. Further 
distinguished from grisegena by greater length of distal symphysis, and flatter and 
straighter internal border of metacarpal 3 in region of proximal symphysis. 

Femur. As the femur is badly chipped, the only exact measurements possible are 
breadth and depth of shaft. Breadth, 0.6 mm. less than smallest available femur 
of grisegena; depth, 1 mm. less. Inexact measurement of length from middle of 
tubercle above popliteal area, to proximal end, about 2 mm. less than smallest 
grisegena. 

Apparent structural differences between parvus and grisegena are: greater depres- 
sion on anterior face along trochanter in parvus, and flatter posterior surface proxi- 
mally. The fragmentary state of the fossil specimen, however, makes it impossible 
to be certain of these features. 

Ulna. A proximal end, badly chipped, clearly smaller than grisegena, but exact 
measurements impossible. Impression of brachialis anticus appears more evident on 
palmar face of bone than in grisegena, and there is less slope from palmar to internal 
face in this area. 
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Comparative measurements 


Colymbus parvus C. grisegeia 
AMNH AMNH AMNH UCMP 
no, 39/70) no. 35/2M no. 3672" no. stil Max. Min 


Tarsometatarsus: 
Length from lower end of 
hypotarsus (mm.)...... 47.0 
Least breadth shaft, an- 
HGOAy CVI) soccoco0e 3.0 eet 3.0 
Depth external trochlea 
(mame) + eee enema 5.5 Ate ee 5.0 
Coracoid: 
Length from head to in- 
ternal tip sternal facet 


(inti) ee a 35, Sam cooc Cee 36.4 40.6 39.1 
38.0 
Femur: 

Length from tubercle in 

popliteal area (mm.)... bane ete cet 30.8 SI59 S27 
Least breadth shaft (mm.) Rae ee sen 4.6 SO eee Shaye: 
Depth shaft, middle (mm.) 4.8 Of 5.8 
Ratio, depth to breadth | 

Shralit3 (7/5) ater Ae woe oct we he eae 104 AIS iit) 

Carpometacarpus: 

en ectiiy (iis) See Bt a 45.0 vo Se 49.9 47.6 
Least breadth metacarpal 

2.) (HUTTE) baer cee ie age er 3.1 eu; bes Osos Sa) 
Height metacarpal1(mm.)  .... 7.0 ee ee liStapalyel 
Length distal symphysis 

(CETUTTIES) SCRE el aeihe ert ree rae 7.6 erat eee G46 Oot 
Length proximal sym- 

ONVSS CHI). cccocccce Pan 10.2 es Pes: IO. 7 1.11 
Ratio, breadth metacarpal 

Zetonleneithn (2) eee ae 6.9 sate Aptis 6.6 6.3 
Ratio, height metacarpal 

IL tO llemeriln (%)) oo coc0e aoe 15.5 nee see es 16.1 14.9 
Ratio, length distal sym- 

physis to length (%)... Gente 16.8 Aan Reese 14.8 13.8 
Ratio, length proximal 

symphysistolength(%)  .... DD, ah Aas D3 BP 


Colymbus nigricollis (Brehm) 


There are 67 bones of small Colymbus in the combined collections from Fossil 
Lake now at hand. These apparently represent 14 individuals, at least. All which 
can be definitely identified may be assigned to C. nigricollis. The differences between 
this species and C. auritus are not marked and it is difficult, in many instances, to 
separate them. On the whole, however, the bones of auritus are larger than those 
of nigricollis. With the exception of 2 bones, the fossil specimens are small, and fall 
below the size range of auritus. Of the 2 excepted specimens, the femur equals the 
minimum size of auritus, but falls well within the range of nigricollis as well. It 
may unquestionably be assigned to migricollis on the basis of the short fibular con- 
dyle. The other bone, a coracoid, could also be referred to either nigricollis or auritus 
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in the matter of size. ‘The narrowness of the bone beneath the head, and the rela- 
tively shorter distance from procoracoid to head, agree more closely with nzgricollis. 

Of the 6 bones which Shufeldt assigned to C. auritus (AMNH no. 3564), the tar- 
sometatarsus is unmistakably Podilymbus podiceps (see distinguishing characters 
under discussion of that species), and the 2 ulnae are not grebe. The humerus and 
2 tibiotarsi are much smaller than in the smallest available skeletons of auritus, and 
fall within the size range of nigricollis. ‘They are therefore assigned to this latter 
species. 


Podilymbus podiceps (Linnaeus) 


Six bones in the Cope collection were assigned by Shufeldt to the pied-billed grebe. 
On careful study, however, and comparison with Recent material, it becomes evident 
that all these belong to Colymbus nigricollis. ‘They are distinguished from Podilym- 
bus as follows: (1) narrower impression of brachialis anticus in the humerus, (2) 
shorter and stockier carpometacarpus, (3) greater distance from procoracoid to head 
in the coracoid, and (4) broader, more deeply excavated shaft of tarsometatarsus. 

Other specimens in the collections are assignable to Podilymbus podiceps, however, 
so the species is maintained in the list of birds from Fossil Lake. In his review of 
Shufeldt’s “Podilymbus magnus,’ Wetmore (1937, pp. 198-199) has shown that 
the 3 bones of magnus are in reality large (probably male) specimens of P. podiceps. 
There is a great range in size between male and female in the pied-billed grebe, and, 
as Wetmore has indicated (idid., p. 199), only one female skeleton of P. podiceps 
was available to Shufeldt at the time the extinct species was described. 

In addition to the 3 bones described as P. magnus, which are now assigned to P. 
podiceps, 11 other specimens may be referred to this species, 9 in the Cope collection 
and 2 from Oregon State College (no. 2500/15). Two of the Cope specimens (tar- 
sometatarsi, AMNH nos. 3564B, 3566) were originally assigned to Colymbus. They 
are reclassified on the basis of the following characters: (1) Shorter and stockier 
than either species of small Colymbus; (2) upper half of broad shaft deeply excavated 
anteriorly, with external border of shaft forward, internal edge receding. 


PELECANIFORMES 


This order is only moderately represented in the Fossil Lake deposits. One pelican 
and one species of cormorant were recorded by Shufeldt, and another cormorant is 
added at this time. Only one species is represented by more than 2 specimens. 


Pelecanus erythrorhynchos Gmelin 


Shufeldt (1892, p. 401) tentatively recorded the white pelican on the basis of a 
distal end of ulna (AMNH no. 3486). Although this specimen has been found to 
belong to an eagle rather than a pelican, 2 other specimens are now available which 
are assignable to Pelecanus erythrorhynchos. It may therefore remain in the list of 
_ birds from the Pleistocene of Oregon. 

The specimens on which the identification is now based are: an anterior part of 
sternum (AMNH no. 3551D, originally assigned to Cygnus paloregonus) and a 
head of a scapula (UCMP no. 31706). 


Phalacrocorax macropus Cope 


Cope (1878, p. 386) described this extinct species of large cormorant from 3 nearly 
perfect tarsometatarsi, without designating one particular specimen as the type. 
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Judging from his measurements, these specimens are illustrated by Shufeldt (1913, 
pl. 22) as figures 280, 281, and 283 (Cope’s numbers 1, 2, and 3, respectively). The 
last specimen is the most complete and was earlier figured in two views by Shufeldt 
(1892, pl. 15, figs. 7, 8). Although there appears to be no previous record of the 
selection of this specimen from Cope’s 3 as the holotype, it has been generally so re- 
garded, and seems a proper choice. . 

Other specimens of Phalacrocorax macropus figured by Shufeldt (1892, pl. 15, fig. 
6; 1913, pls. 20-23) include 5 more tarsometatarsi, 4 coracoids, 2 carpometacarpi (a 
third carpus figured is not cormorant), 3 vertebrae, and fragments of humerus, ulna, 
femur, tibiotarsus, and upper and lower mandible (all, including types, AMNH no. 
3555). In addition to the 25 figured specimens, 32 more have been recognized, in- 
cluding other elements (AMNH nos. 3555, 3556, 3670, 3671; OSC no. 2500/20; 
UCLA no. 1960/3). 

As was pointed out by Shufeldt, the upper mandible is heavy and short, with con- 
cave dorsal surface, characteristic of the Phalacrocorax subgeneric group. Other ele- 
ments of the skeleton also reflect relationship to this subgenus, although there are 
certain characters which are distinct and show a leaning toward P. penicillatus (sub- 
genus Compsohalieus). 

Coracoid. Outstanding among the distinguishing features of the cormorants is 
the relative distance of the anterior intermuscular line from the internal edge of the 
shaft, in the coracoid. In a previous paper (Howard, 19322) it was suggested that 
this character might be of subgeneric value. Ratios of this distance relative to length 
of bone measured to the internal tip of the sternal facet give the following percent- 
ages: P. carbo, P. auritus, and P. olivaceus (all of subgenus Phalacrocorax), 15 per 
cent; P. macropus, 17-19 per cent; P. penicillatus (subgenus Compsohalieus), 19-21 
per cent; P. pelagicus and P. perspicillatus (subgenus Urile), 21-22 per cent. In 
the rounded form of the procoracoid, thickened head, excavated neck region, and 
short, broad dorsal lip of sternal facet, macropus is practically identical with auritus. 
On the other hand, the fossil shows greater excavation below the head internally than 
in the latter species. 

The other large fossil cormorant of the west coast, Phalacrocorax rogersi Howard 
(1932a), described from the Pliocene of Santa Barbara, California, agrees with P. 
macropus in size, but shows affinity with members of the Urile subgenus. In the 
type coracoid of the Pliocene species, the distance of the intermuscular line from the 
internal edge of the bone is 22 per cent of the total length, as in pelagicus and per- 
spicillatus. Other characters of the bone, as well, show relationship to the strictly 
oceanic group of cormorants. The Fossil Lake P. macropus, on the other hand, shows 
closer relationship to the forms which nest inland, a fact further attested to by the 
presence of several incompletely ossified bones of young birds in the Oregon deposit, 
giving evidence of near-by nesting colonies in the Pleistocene. 

Tarsometatarsus. In general appearance close to auritus, lacking the marked an- 
terior projection of the distal trochleae characteristic of penicillatus and pelagicus. 
Details of proximal anterior surface similar to pelagicus in the marked intercotylar 
depression, with no distinct barrier separating it from the long internal ridge of the 
hypotarsus. A similar condition is present in penzcillatus, but accompanying it in 
that species is a distinct difference in level between the posterior rim of the internal 
cotyla and the hypotarsus, which is not evident in the other forms. 

1 Subgenera of Phalacrocorax omitted in supplement of the American Ornithologists’ Union 
Checklist. Auk, vol. 61, p. 443, 1944. 
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Carpometacarpus. Broad and flat posteriorly below carpal trochlea, as in auritus. 
Internal trochlear crest less distinctly set off from shaft of bone below, and in this 
respect closer to pelagicus. Metacarpal 2, though broken in available specimens, flat 
and straight at both its proximal and distal ends, suggesting the condition in auritus. 
Proximal metacarpal symphysis short and unexcavated, as in auritus. 

The carpometacarpi of macropus have also been compared with a cast of the same 
element representing the type of Phalacrocorax idahensis Marsh from the Upper Plio- 
cene of Castle Creek, Idaho.” In size the two species are in agreement. Their struc- 
tural characters, however, clearly indicate their distinctness. The outstanding points 
of separation are as follows: (1) Process of metacarpal 1 more prominent, more for- 
ward-projecting, and more compressed proximally (Marsh, 1870, p. 215) in zdahensis; 
(2) internal trochlear crest longer and more obliquely placed in sdahensis, suggesting 
the condition in penicillatus (macropus closer to auritus in straight, short internal 
crest); (3) on inner side, excavation above pisiform process greater in idahensis, 
that anterior to pisiform process shallower; (4) intermetacarpal tuberosity placed high 
on shaft, on a line with proximal metacarpal symphysis, in sdahensis, more distally 
in macropus. 

Other elements. The other elements are incomplete and fragmentary, but all dis- 
cernible characters point toward closest relationship with auritus, with certain simi- 
larities to penicillatus in some small details. 

Distal ends of humerus show irregularly excavated brachial depression character- 
istic of auritus, with deep hollowing of distal half of area. 

Contour of internal side of femur beneath head resembles auritus, but shape of 
muscle scats in popliteal area, distally, suggests penicillatus, particularly scar immedi- 
ately above internal condyle, which is long and crescent-shaped, whereas in auritus 
it forms a large papilla-like crest. 

Distal end of tibiotarsus resembles penzcillatus in long posterior crest of internal 
condyle, but general contour anteriorly is closer to auritus. External condyle ex- 
cavated somewhat as in auritus, but posterior border more flangelike, suggesting 
penicillatus. 

Articular end of lower mandible similar to auritus; ramus stout and smoothly 
rounded externally in front of articular end; pneumatic foramen on internal side, 
near articulation, well above lower margin of ramus; and ventral border of ramus 
rounding in a smooth curve up to articular end, with slight excavation bordering it 
internally. 


Measurements (in millimeters) of Phalacrocorax macropus 


Tarsometatarsus (6 specimens) : 


ILEMBAUN. 5 'b-0 Be oe oe PES cee plae CeO GO LICOIS Cre CeIn ie arcane ae IS). S=87 oO 

Bracavettln Ghieiball Gmvals so-dau oe 66 SO rove 2 EON OI Dee Ce eae re ie tree ee 17.5-20.0 

Breadenpono xia Wen Genwi atey ss ede elena Shae ics, are ious s apd kbs Vavoheneues 6 15.7-17.4 

Breaches hahtaa tan G Gil epeerey wary eee aN hw ent Sela aisha ysod dies epatetos 7.5- 9.2 
Humerus (3 specimens): 

Greatest lpreadtiin agross Glistall eG), sccccc cvs cdc conc dv 0 ooo bb U KUO OU OE 18.6-19.8 
Coracoid (4 specimens measured for length, 5 for breadth): 

Weng cEheronmnvenialEtiproimsceeciallacn deanna eerie 4) eae 716.5—85.5 

BRAAGKN FUSE AOOWE [ROOOMACONG!, o000008000000000000000005000000005006 13.3-15.2 


2 Cast made available through the courtesy of Dr. Carl O. Dunbar, of the Peabody Museum of 
Natural History at Yale University, and Dr. A. Wetmore, U. S. National Museum. 
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Measurements (in millimeters) of Phalacrocorax macropus—Continued 


Femur (1 specimen for each measurement): 


Internal length egos ee yer eee che ee ee ae ee 69.6 

Breadth: distaliénd is. 6 ck ee ec eon Ge Ee Cae Dik &) 
Upper mandible (1 specimen): 

I Lesraveaitle\ HO LoKOMMEAl GWATMOINVSHIS. o coco ovccbaonb od ob boob OOD DEO O be OOO 80.0 
Tibiotarsus (1 specimen): 

Breadth across distalicondylessnes.a see ee Oe eee eee 5). 7 
Sacrum (1 specimen) : 

Length (approximate) ie... Ath. Seer lee ek ee 143.0 
Carpometacarpus (1 specimen measured for length, 3 for other dimensions): 

Length alongiexternaliedged sa tata: eco oe ee eee (82.8 

Depth proximalemd s.ct5 foe Re ae ais eae eel an cere EOE 16.2-16.4 

Height. processsmetacarpal ln. 7. tae aera ee Oe ee 12.0 


Phalacrocorax auritus Lesson ? 


In the material from Oregon State College are two bones (OSC no. 2500/21) of 
cormorant smaller than the extinct Phalacrocorax macropus. ‘These resemble P. auri- 
tus in size and general characteristics, though the coracoid seems less excavated in 
the neck region, and in the tarsometatarsus the tendinal canal of the hypotarsus is 
open as in P. macropus. In all specimens of auritus or of penicillatus at hand, this 
canal is securely closed by a bony bridge. Possibly this condition could vary with 
the age of the bird. Certainly this tarsus cannot be assigned to the extinct macropus; 
not only is it very much too small, but the proximal end resembles auritus, rather than 
macro pus, in the shallowness of the intercotylar depression. . 

No specimens of small cormorant were found in any of the other collections. 


CICONIIFORMES 


Bones of ciconiiforms are rare in the Fossil Lake deposits, and the majority of 
those which do occur belong to the Phoenicopteridae rather than to the expected 
Ardeidae. Three species of the latter family were recorded by Shufeldt, based on 
scant material in the Cope collection, but one of these now falls into synonymy. 
Phoenicopterid bones, though occurring in greater abundance than those of the heron 
group, represent a single species, described as extinct. Evidence of an additional 
ciconiiform species, representing the family Ciconiidae, has appeared in the course 
of the present study. 

Ardea herodias Linnaeus 


The great blue heron was recorded from a single scapula (AMNH no. 3482). 
coincides with available Recent specimens of Ardea herodias and is apparently cor- 
rectly assigned. 

Botaurus lentiginosus (Montagu) 


Shufeldt assigned 2 coracoids to the bittern (AMNH no. 3483), both of which 
agree in all particulars with available specimens of Botaurus lentiginosus. ‘Two other 
coracoids in the Cope collection (AMNH no. 3679) and one in the Oregon State 
College material (OSC no. 2500/22) are also indistinguishable from this species. 

The distal end of tarsometatarsus (AMNH no. 3484) designated as the type of 
Ardea paloccidentalis was described (Shufeldt, 1892, p. 411 and pl. 17, fig. 31) as 
being between Casmerodias egretta and Leucophoyx thula in size, with a breadth of 11 
mm. across the distal trochleae. An excellent cast of the type is available for study. 
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It shows a downward slant of the distal end toward the internal side as in the bit- 
terns; the trochleae are more evenly balanced in the herons and egrets. Anteriorly 
the middle condyle in the fossil slants toward the internal side, and on the posterior 
side the external flange of this trochlea continues slightly beyond the internal flange 
proximally, as in Botaurus. It is apparent, therefore, that the fossil is a bittern rather 
than an egret. Although in general appearance the bone seems more slender than 
available tarsi of Recent Botaurus lentiginosus, in all measurements except depth of 
distal end the fossil can be duplicated in Recent skeletons of that species. Particularly 
as the specimen is somewhat worn, it does not seem justifiable to recognize it as 
specifically distinct from the living American bittern. Ardea paloccidentalis should, 
therefore, become a synonym of Botaurus lentiginosus. 


Measurements (in millimeters) of tarsometatarst 


Breadth across Breadth of shaft Depth of 
distal trochleae above distal end distal end 


Fossil (AMNH no. 3484)............. iO Sia 6.4 
BOD OS UCBBRVBOSIIS. o0560050000000000 10.4-12.8 5.7-6.1 6.6-7.7 


Stork, species 
(Plate 1, figure 7) 


A single pedal phalanx (phalanx 1 of digit 2) in the University of California ma- 
terial (UCMP no. 31769) closely resembles specimens of Ciconia maltha from Rancho 
La Brea. As this is the only bone in the collections to show such afhnity, the writer 
hesitates to record the presence of the La Brea stork. The relationship of the phalanx, 
however, is undoubtedly with the storks, rather than with the herons or flamingos. 


Phoenicopterus copei Shufeldt 


Eighteen bones of flamingo are present in the combined collections from Fossil 
Lake. On the basis of several tarsometatarsi, it is probable that at least 4 individuals 
are represented. 

Shufeldt’s material (1892, pp. 410-411 and pls. 15, 17, figs. 11, 13, 28, 29, 38) con- 
sisted of incomplete specimens of 4 tarsometatarsi, and 2 tibiotarsi, as well as a per- 
fect coracoid, wing phalanx, toe phalanx, and quadrate (all AMNH no. 3485). To 
these are now added distal ends of radius and ulna from the Cope collection (AMNH 
no. 3680), a vertebra, scapula, and proximal end of femur from Oregon State Col- 
lege (OSC no. 2500/23), a pedal phalanx (UCMP no. 31788), and 2 tarsometatarsi 
(1 young specimen, CIT no. 137/3270; and 1 adult distal end, USNM no. 7590, 
originally referred to Branta hypsibata). Although Shufeldt made no designation of 
a type in his discussion of the species, the wing phalanx and a left distal end of tar- 
sometatarsus were so named in the explanation accompanying the illustrations (1892, 
pl. 15, fig. 13, and pl. 17, fig. 38, respectively). 

Regarding the relationships of the flamingo, Shufeldt declared (7b7d., p. 410) that 
Phoenicopterus copei was “closely allied to our existing P. ruber and slightly larger 
than it,” and also that “the extinct form was longer winged and longer legged and 
toed than P. ruber.” 

When the fossil specimens are compared with Recent specimens of P. ruber, P. 
antiquorum, and P. chilensis now at hand, the following points become evident: 
The African bird, P. antiquorum, averages larger throughout the skeleton than either 
P. ruber or P. chilensis, although there is a degree of overlap. One of the 3 distal 
ends of fossil tarsometatarsus and the 1 measurable distal end of tibiotarsus are above 
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the maximum size for either of the American flamingos, but fall within the range 
of antiquorum. ‘The length of toe and wing phalanges is greater than in available 
specimens of any of the Recent forms compared. The length of coracoid agrees 
with all three species, but the distance across the furcular facet, anteroposteriorly, 
is greater than in either of the American forms. 

One character of the distal end of the tibiotarsus appears to separate the fossil from 
P. ruber, namely, the relatively greater breadth across and between the condyles. ‘The 
same condition is found in Recent specimens of P. antiquorum and chilensis, and in 
these forms is associated with greater lateral development of the intercotylar promi- 
nence of the tarsometatarsus. Unfortunately the proximal end of the tarsus is not 
available for the fossil bird; the distal end of this element shows no characters of 
specific value. It is surprising that Shufeldt should have named one of the tarsal 
specimens (along with the wing phalanx) as a type, when he selected the coracoid 
as the element showing the most diagnostic characters. 

Characters of the coracoid are delineated as follows (Shufeldt, 1892, p. 411), the 
comparisons being made with P. ruber: “[1] In P. cope: the summit is markedly 
narrower, while [2] the mesial aspect of the shaft just below it is a circumscribed, 
flat area. [3] The scapular process in P. ruber is narrow in the vertical direction,— 
broader in P. copei. [4] The distance from the anterior edge of the glenoid cavity 
to the anterior border of the shaft in ruber measures ten millimetres; in P. cope: only 
eight millimetres.’ (The numbers have been inserted for convenience of reference.) 

(1) Although there is some variation in depth of summit in the Recent forms, the 
fossil is relatively narrower than all. Depth, relative to length of coracoid (measured 
to internal tip of sternal end), 12.9 per cent in copei, 13.4 to 15.7 per cent in the Re- 
cent forms. 

(2) and (3) These are variable characters and do not hold in a larger series of 
Recent forms. 

(4) These measurements are here interpreted to indicate a less projected procora- 
coid in P. copei. It is difficult, however (owing to the curvature of the area), to 
duplicate the figures exactly. The position of the measurement as now taken gives 
a slightly smaller figure (7.5 mm.) for the fossil bone. This distance, relative to the 
anteroposterior breadth of the shaft below the furcular facet, yields the following 
percentages: P. copei, 57.5 per cent; Recent forms, 59.5-67.0 per cent. 


Measurements (in millimeters) of fossil coracoid 


lenin to imiemall toyy stermell SIG! 2.2.6. cccccecavocococoscassoecocdscsvecessvcoes 55.2 
/KmeRojosemier lomcaalin iquiecwllee TACSE occ ceo ccavesesovcessvovecvcvcavervpcsboves 17.0 
Depth, of head. ov. woth Aone PR Gg eae nt Eee ee oe eee 7.1 
Anteroposterior breadthmshattaloe OveriUnCH] dial ta cc tine n feent t ee ee 13-4 
IDiiggamcs lnetnrecm jorocomaconcl aiel GOME 2. .cccce ace sceneosenavevaccenvsvervuvoens 7.4 


*Internal border of summit broken; measurement taken with calipers placed just below border on 
internal side (in area of furcular facet). 


Comparative measurements (in millimeters) of Phoenicopterus cope and Recent flamingos 


P. coper P. ruber P.chilensis P. antiquorum 
Breadth distal end tibiotarsus.. 17.1 13-16 15-16 16-18 
Depth distal end tibiotarsus... 20.0 17-19 17-18 18-20 
Breadth distal end tarsus...... 20). 1—2271 18-20 19-20 19-22 
ILEMPHEN COMACONG!, oovccgn0000008 59.2 50-56 56 Eo 
ene uhm nce hal ane 43.5 36-39 39 36-40 


Length pedal phalanx......... A7.5 42-43 39-42 38-46 
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ANSERIFORMES 


Bones of anseriforms outnumber those of any other order, totaling over a thou- 
sand and representing approximately 150 individual birds. ‘To facilitate reference, 
the discussion of the twenty-five species appears under three major heads, Swans, 


Geese, and Ducks. 
Swans 


Four species of swans were previously recorded from the Fossil Lake deposits. In 
addition, the type specimen of Anser condoni Shufeldt, a large furcula, is also un- 
doubtedly swan. Only one species, the extinct Cygnus paloregonus, was recognized 
by Cope; Shufeldt added C. buccinator and C. columbianus, and described another 
species, C. matthew, as well as the so-called goose, Anser condoni. 

Among the 157 fossil bones of swans which have now been examined, but two 
species can be distinguished, and the record is therefore amended here to include only 
Cygnus buccinator and one extinct form. This results in the lumping of the species 
previously described as Cygnus paloregonus Cope (1878, type tarsometatarsi), Anser 
condoni Shufeldt (1892, type furcula), and Cygnus matthewi Shufeldt (1913, type 
carpometacarpi and scapulae). As paloregonus was first to be described, the other 
two now become synonyms of that species. 

Regarding “Anser condoni,” it is obvious that Shufeldt had no specimens of mute 
swan at the time he described the fossil species, and presumably knew nothing of the 
simplified structure of the furcula associated with the absence of looping of the 
trachea in some swans. The largest simple anseriform furcula available to him was 
that of a goose, hence the referral of the fossil furcula to the genus Anser. 

The description of “Cygnus matthewi” was undoubtedly the result of Shufeldt’s 
misconception of the size of paloregonus. Apparently he had become convinced that 
this extinct species was larger than C. buccinator (see Shufeldt, 1913, p. 151, foot- 
note). This interpretation was entirely at variance with Cope’s original description 
of the species, in which he said (1878, p. 388), “These tarsometatarsi indicate a 
species of the size of those now existing on this continent but different from them.” 
Shufeldt (1913, p. 150), however, went so far as to discard the 3 most diagnostic of 
Cope’s type tarsi, and practically reconstructed a new paloregonus based on specimens 
larger than any Recent bones then available, but now recognized as belonging to C. 
buccinator. Flaving set aside these large (buccinator) bones as paloregonus, he found 
it necessary to describe another species (C. matthewi) to account for the bones of 
lesser size which, in certain elements, showed structural differences from modern C. 
buccinator and C. columbianus. 

It is evident from the present study that the tarsometatarsi selected by Cope as the 
type specimens of C. paloregonus differ from both C. buccinator and C. columbianus 
in characters other than size, and are, therefore, valid representatives of an extinct 
species. It is also evident, as before stated, that the largest of the swan bones agree, 
both in structural details and in size, with Cygnus buccinator, and should be so as- 
signed. 


Cygnus buccinator Richardson 


Thirty-one specimens, representing at least 3 individuals, are assigned to the 
trumpeter swan, as follows: AMNH 17 (nos. 3551A, 3552), UO 6 (nos. 1663, 1664, 
F1678, F1679, F1680, F1683, LK222), UCLA 6 (no. 1960/17), OSC 1 (no. 2500/24), 


CIT 1 (no. 137/3273). All these specimens exceed the maximum available measure- 
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ments of Cygnus columbianus, but fall within the range of C. buccinator. A moder- 
ate-sized distal end of ulna in the Cope collection (AMNH no. 3552), assigned by 
Shufeldt to C. buccinator, is the only fossil specimen which falls within the size 
range of the whistling swan. As it also agrees in size with the smaller specimens 
of buccinator, it seems undesirable to record C. columbianus on the basis of this one 
bone. 

With the exception of the ulna, all the bones in the Cope collection now assigned 
to buccinator were part of the material referred by Shufeldt to the extinct palore- 
gonus. Other bones, which Shufeldt identified as C. columbianus or C. buccinator, 
are now found to differ from the Recent species and are assigned to the extinct palore- 
gonus. Among these are 3 of the original 4 tarsometatarsi on which Cope based his 
species. 


Sthenelides paloregonus (Cope) 
(Plate 1, figures 5, 6) 


This extinct species of swan was described by Cope (1878, p. 388) under the 
genus Cygnus. The type material consisted of 4 tarsometatarsi (AMNH nos. 3551, 
3552A, 3553). In addition to the type specimens, there are 66 other bones now as- 
signed to this species, including tibiotarsi, carpometacarpi, humeri, scapulae, cora- 
coids, furculae, vertebrae, and phalanges. Among these are the bones designated 
as types of Shufeldt’s Cygnus matthewi and Anser condont, both of which species 
now become synonyms of Sthenelides paloregonus. Detailed discussion of the ele- 
ments representing the synonymized species is included in the descriptions which 
follow.® 

As the specimens now assigned to paloregonus are studied collectively, it becomes 
evident that the species belongs to the group of swans (including the mute and black- 
necked, of the genus Sthenelides) in which the trachea is not looped and the furcula 
is simple. In addition to the simple furcula, the structural details of several other 
elements reflect relationship to this group. Furthermore, the bird apparently had 
the proportionately short tarsi and long toes characteristic of S. olor. In length of 
the skeletal elements, paloregonus exceeds S. olor throughout, and, with the excep- 
tion of the shorter tarsus, overlaps the range of Cygnus buccinator. 

In the many characters in which S. olor and S. melancoriphus do not agree, the 
fossil may resemble one or the other, or may be distinct from both. In other char- 
acters, all three are alike. But throughout the several elements, it is evident that the 
fossil is distinct from the forms now living in North America, Cygnus buccinator 
and C. columbianus. 


Comparative measurements (in millimeters) of Sthenelides paloregonus and living species of 
large swans 


Sthenelides S glen Cygnus C. 

paloregonus F buccinator columbianus 
eng thatarsucan ree eg ee *106-115 104-107 117-123 101-117 
Proximal breadth tibiotarsus. . 25- 27 21-— 23 24— 28 21-— 23 
Proximal breadth humerus... . 52 48— 50 48— 57 44— 53 
Distal breadth humerus...... 37-— 38 33— 36 34— 42 30— 36 
Length carpometacarpus...... 139-141 125-134 121-155 128-137 


*Estimated. 


3'The 2 rami of-lower mandibles later assigned by Shufeldt (1913, pl. 27, figs. 326, 327) to 
Anser condoni are discussed under ‘“‘Goose, sp.” 


THE PLEISTOCENE BIRDS OF FOSSIL LAKE, OREGON 161 


Tarsometatars1. Cope’s type material included 2 practically complete bones 
(AMNH no. 3552A, illustrated by Shufeldt, 1913, pl. 37, figs. 435, 436), 1 lacking 
the distal end (AMNH no. 3553, illustrated 7did., fig. 438), and 1 with both ends 
missing (AMNH no. 3551). A proximal fragment (UO no. 1678) is now also avail- 
able. 

It is difficult to select, from the 4 types, 1 specimen which shows all the pertinent 
characters. Certainly the one bone (AMNH no. 3551) which Shufeldt conceded 
might belong to the extinct species is the least diagnostic of any. Probably the com- 
plete specimen of the left side shows the greatest number of important features, al- 
though the incomplete left is less chipped proximally and shows the hypotarsus more 
clearly. As it is always desirable to base an extinct species on a single type bone 
whenever possible, it is suggested that the complete left (AMNH no. 3552A) be so 
designated. 


Comparative measurements (in millimeters) of tarsometatarsi 


Species Length Breadth shaft Breadth distal end 

Sthenelides paloregonus: 

AMNH no. 3552A (left), type..... 114.6 10.9 24.8 

ANMUNTEL 1@, BOSSA (GAANE)) 5 o5600000¢ 1113}, 7 10.2 23.8 
Cygnus buccinator: 

Minimum, USNM no. 19331....... 117.8 10.3 259 

Maximum, USNM no. 8033........ 22S 9.8 26.0 
C. columbianus: 

Maximum, USNM no. 345467...... 116.5 9.3 24.6 
S. olor: 

Maximum, L.A. Co. Mus. no Bi918. . 106.9 10.1 24.3 
S. melancoriphus: 

Maximum, USNM no. 34528....... 93.8 Ons UY <2 


Both complete tarsi equal medium-sized specimens of C. columbianus in length, 
but are slightly heavier in the shaft. Although Cope’s description of the species was 
largely based on a comparison with tarsometatarsi of C. buccinator and C. colum- 
bianus, a larger series of the living species indicates that many of the characters then 
listed are not valid. The character of the hypotarsus, however, which is described 
as differing from both buccinator and columbianus, appears to be reliable. With re- 
gard to this area, Cope (1878, p. 388) said, “Third [hypotarsal] crest reaching below 
foramen; fourth sending keel over foramen.” For buccinator and columbianus he 
noted, “Third crest not descending below foramen; fourth not reaching foramen” 
(buccinator ), “fourth reaching foramen” (columbianus). 

Other characters of the tarsometatarsus which now become evident are: (1) In 
hypotarsal region, junction of second and third ridges forming narrow keel on shaft, 
from which point distal edge of hypotarsus slopes decidedly upward while shaft below 
slopes toward external side; shallow groove present on shaft below foramen; condi- 
tion of this area similar to S. melancoriphus. (2) Anterior face of shaft below proxi- 
mal end more deeply excavated than in C. buccinator, C. columbianus, or S. olor; 
area deeply depressed in S. melancoriphus, but more cut away at internal edge. (3) 
Outer face noticeably swollen toward proximal end, tapering smoothly into shaft 
about halfway down, but ending proximally in a marked indentation just below ex- 
ternal cotyla; condition not duplicated in any modern form compared, although in- 
dentation more marked in both species of Sthenelides than in Cygnus. (4) Line bor- 
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dering external side of anterior face sloping outward slightly as external face swells 
outward, but inset again proximally, forming a conspicuous ridge between external 
and anterior faces; character approached in S. melancoriphus, but not identical; area 
more broadly and smoothly rounded in Cygnus and S. olor. 

Evidently, in the swans, generic distinctions are less apparent in the tarsometatarsus 
than in some of the other elements. Were not other parts of the skeleton available 
for the fossil, it would be difficult to allocate the species generically. 

Tibiotarsus. Five proximal ends are available (AMNH 3, nos. 3551, 3555A3 
UCMP 1, no. 31798; OSC 1, no. 2500/25). Three distal ends of tibiotarsi of swan 
occur in the fossil material. However, although all seem to have a more prominent 
posterior flange of the internal trochlea than in Cygnus, it is unwise to pass judg- 
ment upon them in view of their fragmentary condition. 

The proximal ends display the following characters which distinguish them from 
Cygnus, and tend to link them with Sthenelides: (1) Area immediately below head 
posteriorly is depressed and bordered internally by sharp, well defined ridge proceed- 
ing down from edge of articular surface. (2) Deep, groovelike depression below 
articular surface posterointernally, giving evidence of a well developed flexor muscle 
for digits of foot. This coincides with the condition found particularly well marked 
in S. olor, in which species the toes are of greater length than in either C. buccinator 
or C. columbianus; in these latter species, the area for attachment of the flexor muscle 
is inconspicuous. (3) The two best-preserved fossil specimens appear to be broader 
and more flattened anteriorly below the cnemial crest than in Cygnus; in this respect 
they most closely approximate one of the available specimens of S. melancoriphus. 
As there is some variability in this character in the living forms, however, it may be 
of little value. 

Furcula. The fragments figured by Shufeldt (1892, pl. 16, figs. 19, 26, 27; AMNH 
no. 3536) as the type of Anser condoni clearly belong to a swan of the Sthenelides 
type, and are now assigned to S. paloregonus. As before stated, Shufeldt presumably 
was not acquainted with the variation in this element in the swans. The goose fur- 
cula, though roughly similar to that of Sthenelides, lacks the depression and pneu- 
maticity of the outer surface of the blades, and the broad, smooth area of the sym- 
physis. 

The blunt contour of the tip of the blade, with slight dorsal excrescence, has an 
almost exact counterpart in a furcula of S. olor now available (L. A. Co. Mus. no. 
Biég), and in the symphyseal area closely resembles another specimen of the same 
species (L. A. Co. Mus. no. Bitog6). Both modern furculae, however, are smaller 
than the fossil. Each of the elements of the fossil swan has been found to run slightly 
larger than in S. olor, so that the size of the furcula is in keeping with that of the 
other bones assigned to S. paloregonus. 

Examination of casts of these fragments assigned to Anser condoni indicates an 
error in the proposed restoration of the specimen. ‘The symphysis should be set nearer 
the upper blade of the bone, making the over-all depth of the specimen about *4 inch 
less than as shown (Shufeldt, oc. cit.). 

Three additional fragments of furcula assigned to A. condoni also show resem- 
blance to S. olor and undoubtedly belong to paloregonus. It is interesting to note that 
one of these specimens exactly fits the fractured end of another furcular fragment 
which Shufeldt himself had identified as paloregonus. 

Coracoid. "Three proximal ends (AMNH 2, no. 3551; UCLA 1, no. 1960/16). 
The most complete specimen is a large, stout bone with short procoracoid, and area 


A 
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of coracoidal fenestra indicated by a roughened internal margin. These characters 
relate it to S. olor; the procoracoid is short in S. melancoriphus, also, but the area of 
the fenestra is not clearly defined. In Cygnus the procoracoid is longer and there 
is no indication of a fenestra, except, in some specimens, a minute perforation. 

Scapular facet broad and shallow, resembling Cygnus in depth, but more evenly 
rounded, as in Sthenelides. Furcular facet flattened against shaft anteriorly with only 
slight undercut near brachial tuberosity, as in Sthenelides; in Cygnus, facet undercut 
for its full extent. Shaft beneath brachial tuberosity only slightly depressed, being 
closer to S. olor than to S. melancoriphus. Neck and coracohumeral surface more 
concave than in Cygnus or S. olor; resembling S. melancoriphus. 

Scapula. There are 5 proximal ends of swan scapulae in the several collections 
from Fossil Lake (AMNH 3, nos. 3551, 3554; UCMP 1, no. 31769; UO 1, no. F1672). 
Two of these (AMNH no. 3554 and UO no. F1672) were assigned by Shufeldt to 
his Cygnus matthewi. ‘The others were all assigned to paloregonus. 

Study of this element in living species of swans reveals a marked variability in 
structural details. In general, however, Sthenelides shows a longer, more slender 
acromion and a relatively thicker shaft than does Cygnus. In Cygnus the muscle 
attachment on the ventral surface of the acromion forms a short crest slightly back 
from the internal border proximally, but curving toward this border distally. In 
Sthenelides the attachment follows the internal edge of the bone more closely. In 
S. olor there is no marked crest, though there may be a short depression on the ven- 
tral surface of the acromion. In S. melancoriphus, however, there is a long line 
which, at its distal extremity, curves toward the middle of the bone (the opposite 
direction from that found in Cygnus). 

On the basis of the characters given above, the bone figured by Shufeldt (1913, pl. 
26, fig. 310; AMNH no. 3551A) as paloregonus belongs with Cygnus buccinator. 
The exaggerated curvature may possibly be due to injury to the bone early in life, 
although it could be attributed to individual variation; there is a tendency to greater 
curvature in Cygnus than in Sthenelides. Two other specimens (UCMP no. 31769 
and AMNH no. 3554) are closer to Sthenelides, although the acromion is not quite 
as extended as in S. olor or S. melancoriphus. ‘These specimens undoubtedly rep- 
resent the extinct S. paloregonus. It is impossible definitely to assign the Univer- 
sity of Oregon specimen or the remaining Cope scapula. The surface is weathered 
in both bones, and the contours are worn. 

Humerus. The best specimens of this element are in the UCLA collection (no. 
1960/16), where one proximal and one distal end appear to be parts of the same 
bone; there is an additional distal end, as well. Of the 6 fragments in the Cope col- 
lection which Shufeldt assigned to paloregonus, 3 are undoubtedly buccinator, and 
a smaller proximal end is Branta, leaving only 2 fragments of distal end which may 
be assigned to the extinct species (AMNH no. 3551). The shaft of large humerus 
in the Condon collection (UO no. 1663), which was previously allocated to palore- 
gonus, falls into C. buccinator upon more careful scrutiny. 

The humeri now assigned to S. paloregonus are large, exceeding S. olor and C. 
columbianus in size but not equal to the maximum of C. buccinator. Except in size, 
these fossil specimens closely resemble S. olor. Proximal end: (1) Intermuscular 
line, on crest of anterior face, short and indefinite, and not turning inward below 
head; in Cygnus the line runs along the crest and turns inward about 4 inch below 
head. (2) Area immediately adjacent to median crest deeply depressed and per- 
forated with numerous pneumatic foramina. This condition is more marked in the 
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fossil than in any of the living forms examined, although there is a tendency to de- 
pression and very slight perforation in S. olor and C. buccinator. (3) Attachment 
of supraspinatus muscle clear-cut in outline and situated below pneumatic foramen, 
bordered by a raised line continuous with median crest, as in S. olor. This attach- 
ment is less clearly marked in Cygnus and in S. melancoriphus, spreading past the 
median crest and lacking the raised bordering line at the edge. (4) External tubercle 
projecting outward more than in Cygnus. (5) Ligamental furrow, on palmar face, 
broad and less deeply cut than in Cygnus or S. melancoriphus, being closer to S. olor, 
but angular at the tip. (6) Palmar area between head and internal tubercle marked 
by depressed triangular area, lacking in Cygnus; line of demarcation of depression 
less evident in Sthenelides than in fossil, but condition closer in this genus than in 
Cygnus. 

Distal end: (1) Attachment of anterior articular ligament short and broad, and 
heavily bordered on its outer edge next to attachment of pronator brevis muscle. 
Size of attachment similar in Sthenelides, but outer edge, though clear-cut, lacks 
heavy border. Area long and narrow and smoothly rounded at edges in Cygnus. 
(2) Impression of brachialis anticus relatively long, narrow, and, in comparison with 
Cygnus, less clearly outlined; most closely approximating impression as seen in S. 
olor, though in neither species of Sthenelides is area as clear as in Cygnus. In the 
latter genus, impression short and broad (particularly at its proximoexternal edge), 
clearly outlined, and usually deeply depressed. 

Carpometacarpus. Two complete specimens (AMNH no. 3554 and UO no. F168r1, 
described by Shufeldt as C. matthew7), and 2 proximal ends (UO nos. F1677 and 
F1683 right). 

In size, these specimens exceed C. columbianus and S. olor and fall within the range 
of C. buccinator. The principal distinguishing characters concern the area of the 
pisiform process and the height of the trochlear crests. The shape of the process 
of metacarpal 1 does not seem to be wholly dependable, although there is a tendency 
in the fossil, as in Sthenelides, to be straighter and more evenly swelled at the tip, 
as seen in anterior view; in Cygnus the process inclines more definitely toward the 
internal side. 

Characters of particular diagnostic value: (1) Area below pisiform process ex- 
cavated into a distinct pitlike depression, the posterior rim of which is, marked; in 
Cygnus this area roughened, sometimes depressed, but tending to slope away to- 
ward posterior face without an intervening rim. Fossil similar to S. olor, though 
depression more proximal in extent than in living form and pisiform process itself 
broader and less pointed; S. melancoriphus lacks depression. (2) Distance from 
pisiform process to tip of internal edge of trochlea relatively less than in Cygnus or 
S. olor, and similar to S. melancoriphus. (3) External crest of trochlea short, and 
lobe at its distal edge appears aborted in comparison with Cygnus; length of crest 
similar to both living species of Sthenelides, but shape of lobe peculiar to fossil speci- 
mens. 

The 2 carpometacarpi described as C. matthewi agree with the other 2 available 
specimens (of proximal end), now assigned to paloregonus, in all characters de- 
scribed, and no other carpometacarpi distinct from the living species are present in 
the collections. The indications of relationship to Sthenelides coincide with the con- 
dition found in the other elements referred to S. paloregonus. It is evident, there- 
fore, that C. matthewi must become a synonym of S. paloregonus. 

A fragment of distal end of carpometacarpus (USNM no. 7593) was also assigned 
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to matthewi by Shufeldt. This specimen is too fragmentary to justify identification 
beyond the fact that it is swan. 


Comparative measurements of carpometacar pi 


d 
a b C Distance 
Greatest Depth Height pisiform Ratios (%) 
Species length proximal external —_ process to 
(mm.) end (mm.) crest (mm.) proximaltip cc to b dtob 
internal 


crest (mm.) 


Sthenelides palore- 

TONUS Paseo 139-141 32.3-34.8 20.0-21.4 10.0-10.8 59.8-61.8 30.0-31.3 
SHOlOrsa emia. 125-134 29.1-30.5 18.1-18.2 10.0-10.7 59.7-62.3 34.4-35.1 
S. melancoriphus. 103 24.1 14.3 Ls 59.4 30.1 
Cygnus buccinator 121-156 29.7-36.1 19.2-23.0 11.0-11.8 63.7-64.7 33.7-37.1 
C. columbianus... 128-137 26.7-29.6 18.8-19.7 10.3 65.6-70.5 37.4 


Vertebrae. A cervical vertebra in the collection of the U. S. National Museum 
(USNM no. 7589) was assigned by Shufeldt to Anser condoni. On inspection, how- 
ever, it is found to be not goose, but swan. Although there are many similarities be- 
tween the vertebrae of geese and of swans, those of the latter are relatively longer 
and straighter and more compact. The cervical vertebra of the goose narrows more 
in the center and flares at the ends. Furthermore, the foramina posterior to the 
processes are even more marked in geese than in swans, whereas no. 7589 has none, 
resembling in this respect specimens of S. olor. In Cygnus, small foramina are 
present. There are a number of other cervical vertebrae in the several collections 
which are similar to the U. S. National Museum specimen in the absence of foram- 
ina, and are thought to belong to S. paloregonus. 

Phalanges. Two complete and two incomplete pedal phalanges, representing the 
first segment of the second and fourth digits, are available in the material now as- 
signed to the extinct swan. They show the relatively long, straight shaft character- 
istic of Sthenelides. In Cygnus these elements deepen markedly at the proximal end 
and taper toward the middle, presenting a distinctly curved contour. 


Geese 


There are nearly 400 bones of geese in the combined collections from Fossil Lake. 
At least two-thirds of these were examined by Shufeldt, and formed the basis of his 
recognizing the following species: Branta canadensis, Branta bernicla, Branta hypsi- 
bata, Branta propinqua, Chen hyperborea, Chen caerulescens, Anser albifrons, and 
Anser condoni. The writer is not in complete agreement with Shufeldt’s identifica- 
tion of many of the elements. In the approximately 220 bones which can be gen- 
erically identified, however, some of the same living species are found to be repre- 
sented, and the validity of at least one of the extinct types is established. Another 
extinct form is added. 


Branta canadensis (Linnaeus) 


Among the living species, Branta canadensis is well represented in the fossil de- 
posit, and includes extremes in size corresponding to both Branta canadensis cana- 
densis and B. c. minima. There is not a continuous series from large to small, how- 
ever. As Shufeldt indicated, there are some specimens which appear too small to 
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be B. ce. canadensis, but since, with the possible exception of 2 fragments, they are 
larger than any available specimens of B. c. leucopareia, it seems wiser not to give 
them a racial assignment. 

In the combined collections, there are 97 bones of large Branta canadensis, rep- 
resenting 9 or 10 individuals, and 15 (3 individuals) of small size, presumably 
B. c. minima. 

Branta bernicla Linnaeus 


Six specimens (2 individuals), resembling black brant, indicate the presence of the 
species Branta bernicla (AMNH 4, OSC 1, and UCMP 1). Of the 5 coracoids so 
assigned by Shufeldt, 4 are here discussed under two other species (Branta propinqua 
and Anabernicula sp.). The remaining coracoid is a fragmentary specimen, appar- 
ently brant. 

Anser albifrons (Scopol1) 


Sixteen bones (5 individuals) are assigned to Anser albifrons. This species and 
Chen hyperborea are so similar in structural characters and size that it is almost 
impossible to distinguish them in certain elements, or from fragmentary material. 
Specimens of both species are undoubtedly included in the 150 goose bones of medium 
size which cannot be generically assigned. 


Chen hyperborea (Pallas) and Chen rossii (Cassin) 


The snow goose and the Ross goose are both represented, the former by 28 speci- 
mens and 5 individuals, the latter by 7 specimens and 3 individuals. Shufeldt’s rec- 
ord of Chen caerulescens was based on 2 scapulae. The scapula is an element of 
variable character which is rarely dependable. It is doubtful whether these bones 
should receive even generic classification, and no justification is apparent for record- 
ing them as blue goose. 

Goose, species (large) 
(Plate 2, figure 3) 


There are, in the several collections from Fossil Lake, a few goose bones of particu- 
larly heavy proportions and large over-all size. ‘These include 2 tarsometatarsi, a 
coracoid, a humerus, and 2 fragments of lower mandibles. 

One of the tarsi (AMNH no. 3542A) is that figured in two sections by Shufeldt 
(1913, pl. 28, figs. 340, 343) and assigned to Branta canadensis. The other (AMNH 
no. 3543A) was erroneously figured as the type of Branta hypsibata (ibid., pl. 27, fig. 
320), a species which Cope described as being particularly slender of build. Both 
bones are massive toward the proximal end, tapering in toward the middle of the 
shaft. Possibly they are assignable to Branta canadensis, but none of the specimens 
of Canada goose at hand is as heavy. | 

The coracoid (OSC no. 2500/44) is a dorsal part only. The bone is heavier even 
than in Branta canadensis canadensis, and \acks the deep excavation beneath an over- 
hanging furcular facet which characterizes members of the genus Branta. ‘The condi- 
tion in the fossil more closely resembles that in Anser or Chen, but the bone is rela- 
tively thicker, as well as actually larger than any specimen of either of these genera 
at hand. 

The 2 mandibles (AMNH no. 3535B) were referred by Shufeldt (1913, pl. 27, 
figs. 326, 327) to Anser condoni.* They are similar to Chen in their short, stocky 


4A third ramus bearing this number (AMNH 3535A, figured by Shufeldt, op. ciz., pl. 27; fig. 
324) agrees with Chen hyperborea and is so assigned. 


THE PLEISTOCENE BIRDS OF FOSSIL LAKE, OREGON 167 


build, but are straighter and somewhat heavier than available specimens of Chen 
hyperborea hyperborea. In both Anser and Branta (even including B. c. cana- 
densis) the mandible is more slender. The approach of these mandibles to the size 
of Chen hyperborea precludes any possibility of their belonging to the same bird 
from which the furcula described as Anser condoni was taken. The latter specimen, 
as pointed out under Sthenelides paloregonus, is large even in comparison with the 
swan. 

The humerus is a distal half (CIT no. 137/3280). Although the distal part of 
this element is difficult to assign, there is a tendency to greater development of the 
impression of the brachialis anticus muscle in Chen than in the other genera—either 
in deeper excavation or in greater extent of the depression. ‘The fossil bone has a 
very deeply excavated impression. The bone shows the same sturdy proportions 
which characterize the other elements discussed, and is slightly larger than any avail- 
able specimen of Branta c. canadensis. 

No attempt is made here to assign these sturdy goose bones definitely. The bones 
are too few and too fragmentary to risk erection of a new species 1n a group as vari- 
able as the geese. Possibly they do not all belong to the same species, but may in- 
clude aberrant individuals of more than one form. 


Branta hypsibata Cope ? 
(Plate 2, figure 4) 


Cope’s description (1878, p. 387) of this species is based on a single tarsometatarsus. 
This bone, he said (zbid.), is “longer and more slender than that of the 4. cana- 
densis.”° Unfortunately, Cope did not figure or number the type specimen. Conse- 
quently we cannot now be certain of its identity. It is evident that Shufeldt (1913, 
pl. 27, fig. 320) was in error in believing the tarsus which he figured to be Cope’s 
type. He gives the length of the bone as 90 mm. and describes it as stouter than 
Branta canadensis. ‘The latter statement is exactly opposed to Cope’s own descrip- 
tion, and the length is 3 mm. too great. A comparison of quotations from the two 
authors, and description of the specimens concerned, follows: 


Cope, 1878, p. 387 Shufeldt, 1913, pp. 147-148 
: Cope described the extinct goose, 


“Anser hypsibatus, sp. nov.” 
Branta hypsibata, written by him Branta 


hypsibatus. 
“A single tarso-metatarsus, perfect except “The reference was made upon a single 
in the hypotarsus, represents this guose.” bone, a right tarso-metatarsus, and this bone 


is shown in Fig. 320 of plate XXVII of the 
present paper. It is imperfect, to the extent 
of having the hypotarsus almost entirely 
broken off, as well as the posterior parts of 
the distal trochleae. 


“The element mentioned is longer and “This now long-extinct species was ap- 
more slender than that of the 4. canadensis, _ parently about the size of Branta canadensis; 
and differs in a variety of points from that but the bones of the skeleton were stouter 
bird.” and of different proportions.” 


° The tarsal measurements of Branta canadensis canadensis, now available, far exceed the measure- 
ment of length given for hypsibata (87 mm.). 
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Cope, 1878, p. 387 


“Length of bone 0.087M 
[proximally 0.016 
Transverse diameter { medially 0.006 
| distally 0.018 
Width of internal cotylus 0.007” 


“... proximal two-fifths of the shaft is more 
deeply grooved [compared with B. canaden- 
sts], 


“and the lateral ridges are more prominent. 
This is especially true of the external angle, 
which continues straight to the anterior 
border of the diaphysis, where it is want- 
ing or weak in the 4. canadensis. 


“The external side is also plane, or nearly 
so, to this angle, while in the existing bird 
it is swollen having a narrow convex sur- 
face, which passes insensibly into the an- 
terior and posterior faces. 


“cc 


. the posterior face of the shaft at its 
middle is oblique, sloping forward and in- 
ward. In A. canadensis it is plane or gently 


CONTRIBUTIONS TO PALEONTOLOGY 


Description of bone selected by Shufeldt as 


type 
89 mm. (go mm. according to Shufeldt) 
19.4 
8.2 
19.5 
8.3 


Moderately depressed. 


Lateral contours of bone smoothly rounded. 
External angle veers off toward outside 
proximally and is not continuous to the an- 
terior border of the diaphysis. 


External side swollen proximally below the 
articular end, having a narrow, convex 
surface such as Cope described for B. can- 
adensts. 


Posterior face of shaft at middle, convex. 
Superior part slopes markedly toward ex- 
ternal side, and is very broad. 


convex. The superior part of the posterior 
face is oblique in the opposite direction and 
is much narrower than the corresponding 
face in A. canadensis.” 


The matter of determining the original, correct type presents certain difficulties. 
Cope indicated (1878, p. 388) that the bone was found by Thomas Condon. There 
is, however, no complete goose tarsus which fits the description in the Condon col- 
lection as it now stands. In the Cope collection there are 3 complete tarsi over 85 
mm. in length. All agree in being nearly perfect except in the hypotarsus, as de- 
scribed for the type of Aypsibata. One (AMNH no. 3542A) was in two sections 
when figured by Shufeldt (1913, pl. 28, figs. 340, 343). It is too long (93 mm.) and 
too sturdy to be the type of hypsibata. The tarsus figured adjacent to the specimen 
supposed by Shufeldt to be the type fits the description better, but, on careful ex- 
amination of the specimen, the measurements and structural characters are found 
not to agree with Cope’s statements. The third bone (AMNH no. 3539B), which 
Shufeldt figured as Anser albifrons gambeli (1913, pl. 24, fig. 295), closely accords 
with Cope’s description of hypsibata and certainly bears no resemblance to any speci- 
men of Anser albifrons available here. In referring to this specimen and others 
figured with it, Shufeldt (zd7d., p. 146) said, “and with respect to Anser a. gambeli, 
the bones here used were Cope’s types.” Although the statement is not clear in its 
reference to bones of Recent species as “types,” it at least indicates that Cope had 
examined the specimens, and raises the possibility that he had studied several bones 
at once and neglected to separate his extinct form from the others. 

The measurements of this long, slender tarsus agree within a few tenths of a milli- 
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meter with those which Cope gave for hypsibata. In structural details the bone coin- 
cides with the characters pointed out by Cope, particularly in the flatness of the ex- 
ternal side and the prominence of the lateral ridges of the anterior face. The anterior 
face is well grooved, down nearly to the mid-point of the shaft. Although specimens 
of Branta canadensis vary in depth of anterior grooving, many are less deeply grooved 
than the fossil, and in nearly all, the groove is less distal in extent. Posteriorly, the 
raised border of the external surface produces an effect of a slight inward slope at 
the middle of the shaft; more proximally, the bone slants toward the external side 
and the area between the end of the internal calcaneal ridge and the posterior border 
of the external side is narrow. In view of these many features which correspond to 
Cope’s description, it is the present writer’s belief that this tarsus is the type of B. 
hy psibata.® 
_ It is a question, however, whether the specimen just described actually represents 
an extinct species, in other words, whether B. hypsibata is a valid species. In certain 
respects the bone closely resembles available specimens of Chen hyperborea: (1) 
general over-all slenderness; (2) extent and depth of anterior grooving; (3) raised 
posterior border of external side of shaft and tendency to slope inward; (4) narrow 
posterior surface just below hypotarsus. Even the length is within the range of speci- 
mens of C. hyperborea now at hand. There is no available specimen of Chen, how- 
ever, in which the external face below the proximal end is flattened as in the fossil, 
or in which the external ridge is as prominent in this region. As these latter char- 
acters tend to vary widely throughout the geese, they are not wholly reliable. There 
is, for example, a Recent specimen of B. c. canadensis in the Los Angeles County 
Museum collections which has a marked external ridge up to the articular end, and 
a flattened external surface, whereas the majority of bones of canadensis are as Cope 
described them in his comparison with B. hypsibata. The characters of the posterior 
surface seem to be more reliable, and in these the fossil is similar to Chen. 

In consideration of the above facts, it is strongly suggested that the tarsometatarsus 
upon which Cope erected Branta hypsibata is in reality Chen hyperborea. 

A number of other elements were referred to Branta hypsibata by Shufeldt (AMNH 
no. 3543, USNM no. 3570). As these were all selected on the basis of the heavy 
tarsometatarsus thought by Shufeldt to be the type of Aypszbata, they can hardly be 
expected to accord with the dimensions or characters of the slender-legged bird which 
Cope described. One of these, a distal end of tarsometatarsus (USNM no. 3570, 
figured by Shufeldt, 1913, pl. 9, fig. 5), is unmistakably flamingo. 


Apart from the “types” of Anser condoni and Branta hypsibata, species whose 
validity is now questioned, there are 47 specimens in the assemblage which are as- 
signable to extinct species of geese. These are divided between the species Branta 
propinqua and an added species of even smaller size, which is here assigned to Ross’s 
genus Anabernicula, originally described from the McKittrick Pleistocene asphalt de- 
posits. 


Branta propinqua Shufeldt 


Twenty bones, representing 5 individuals, are now thought to belong to this extinct 
goose. The type is a humerus (AMNH no. 3547, Shufeldt, 1913, pl. 29, fig. 350), 


rr mm. shorter than the smallest available specimen of Branta bernicla nigricans. 


6 The fact that the bone is now found with the Cope material rather than in the Condon collection 
is of little consequence, as there is other evidence of the two collections’ having been mixed. 
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From Shufeldt’s description (1892, p. 407), it appears that it was on size alone that 
the species was separated from the black brant. An excellent cast of the type is at 
hand for study. The specimen is distinguished from available humeri of Recent B. 
b. nigricans by more medially extending pneumatic foramen, higher apex of shaft on 
anconal side proximally, and more marked depression below head. In general it 
may be said that B. propinqua tends to deviate from nigricans in a manner some- 
what similar to that shown by B. c. minima. ‘The pneumatic foramen, however, is 
less medial in position in the fossil than in the cackling goose, and the shaft tends 
to be more deeply excavated adjacent thereto, accentuating the high apex. 

Among the specimens referred to propinqua by Shufeldt is a proximal end of 
humerus slightly larger than the type, but with similar characters. Two other proxi- 
mal ends of humerus (AMNH no. 3538C and UCMP no. 31768) are probably also 
of this species, although the University of California specimen overlaps the range of 
nigricans in breadth of proximal end. 

Other elements in the combined collections which are believed to be assignable 
to B. propinqua are: 2 carpometacarpi (one, AMNH no. 3548A, referred to B. c. 
minima; the other, AMNH 3705, previously unidentified), 6 tarsometatarsi (AMNH 
5, no. 3496A, assigned to Larus robustus; UCLA 1, no. 1960/14), and 3 coracoids 
(AMNH no. 35454, identified previously as B. bernicla). An ulna, scapula, furcula, 
and fragment of coracoid (OSC no. 2500/47) are tentatively so referred. 

The carpometacarpi are 2 mm. smaller than the smallest available specimen of 
nigricans, and the process of metacarpal 1 is lower. The tarsometatarsi and coracoids 
overlap nigricans in length but are distinguished from that species as follows: Shaft 
of tarsus broader transversely than deep anteroposteriorly (reverse is true of nigri- 
cans); coracoid showing marked depression on anterior side near sternal end be- 
tween sternal facet and intermuscular line; continuation of procoracoid to shaft 
slightly notched in region of coracoidal foramen. As in the case of the humerus, the 
characters which distinguish these elements from nigricans tend toward minima, 
without being exactly similar. In the coracoid, both characters are more marked than 
in minima, and in the tarsometatarsus the transverse breadth of shaft is relatively 
greater. 


Comparative measurements of Branta propinqua and Recent brants 


B B. B. 
ROH bernicla canadensis 
propinqua sas aay: 
NLZYICANS minima 
Comconcl, lemetdn Gian.) .ocoscosSoc0c0c0002 41.4— 46.0 44. 7— 49.9 48.8— 53.0 
Tarsometatarsus: 
ene Ginny) gee oer atits eee ee oe eae 56.4— 59.3 53.0 OS, il 60,0= 15.7 
Ratio, breadth to depth of shaft (%).... 100 -111 82 -— 95 104  -106 
Ratio, breadth of shaft to length of bone 
A) RUE IRC str ERA ADA LE Ste 4 ake 7.9- 8.4 Oo U.9 6.7— 8.0 
Carpometacarpus: 
Lengthy Gime oe. an ee ee ee 60.1 62.9— 70.4 70.8— 78.0 
Ratio, height of process of metacarpal 1 
(® Glenn Or GATTI (%)) oo ococrc00c0006 55 — 60 4 = 67.5 — 59 — 62.5 
Humerus: 
eiothe (nimi) cae oc eee ere 106.2 117.5-128.3 125.7-137.0 
Breadth of proximal end (mm.)......... Dil = Dab, il BS, 8= MO 2 24.6- 27.6 


*Measurement as given by Shufeldt was 107 mm. 
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A number of other elements were referred to B. propinqua by Shufeldt, and many 
of them were figured (1913, pl. 29). These are now assigned to other species of 
geese or ducks. 


Anabernicula, species 


In addition to the type of Branta propinqua, Shufeldt (1913, pl. 38, fig. 465) 
figured another, still smaller humerus (AMNH no. 3548C) which he assigned 
(along with the femur in fig. 464) to Branta c. minima. The allocation of the femur 
need not be questioned. There is a sharp distinction, however, between the little 
- fossil humerus and this element in the cackling goose. Not only is the fossil 27 mm. 
smaller than the smallest available humerus of minima, but the short deltoid crest 
and the relatively low external tuberosity are ducklike in character. The bone shows 
a striking resemblance to the extinct “pigmy goose,” Anabernicula minuscula (Wet- 
more). 

The type of A. minuscula, described under the genus Branta (Wetmore, 1924, pp. 
6-7), was found in the Upper Pliocene of Arizona. Later, after studying a series of 
small goose tarsometatarsi in the McKittrick Pleistocene, Ross (1935) described 
Anabernicula gracilenta. Subsequent examination of the humeri associated with 
Ross’s A. gracilenta in both the McKittrick and Rancho La Brea deposits led to the 
belief that the bird represented was Wetmore’s minuscula. It was clear, however, 
from the tarsometatarsi that the species should appear under the new generic name 
Anabernicula. Anabernicula gracilenta was therefore listed as synonymous with 
minuscula, and the latter was recorded from the two California localities (Howard, 
1936, p. 35). 

In addition to the figured humerus in the Fossil Lake material, now assigned to 
Anabernicula, a number of other specimens are found to agree closely with corre- 
sponding elements of the pigmy goose in the Los Angeles County Museum collec- 
tion from Rancho La Brea. The complete list follows: 9 humeri (AMNH, 8, nos. 
3521H, 3546D, 3548C, previously referred to Glaucionetta islandica, Branta propinqua, 
and B. c. minima, respectively; UCLA, 1, no. 1960/13). 3 carpometacarpi and 3 
ulnae (AMNH, 2 carpometacarpi, 3 ulnae, no. 3546D; UO, 1 carpometacarpus, no. 
F'1670; all previously assigned to B. propinqua). 1 femur (AMNH no. 3500, figured 
by Shufeldt, 1913, pl. 31, fig. 398, as Mergus, sp.). 2 coracoids (AMNH nos. 3510, 
3518, identified as ducks). 6 fragments humeri, parts of carpometacarpus, femur, 
tarsometatarsus, and scapula (AMNH no. 3677); 2 coracoids (UCLA no. 1960/12, 
CIT no. 137/3279); and 2 ulnae (UCMP no. 31794), all previously unidentified. 
These 32 specimens represent at least 7 individuals. 

The inclusion here of several bones which Shufeldt had referred to B. propinqua 
raises the question of possible identity of the two species. The type humerus of 
propinqua, however, not only is of greater over-all length than the maximum hu- 
merus of Anabernicula, but shows characters of deltoid crest and external tuberosity 
that are distinctly gooselike, rather than ducklike as in Anabernicula. 

In the series of humeri, considerable size variation is noted, the smallest complete 
humerus measuring 85 mm., the largest 98 mm. As no marked structural differences 
are apparent between the maximum and minimum specimens, it is presumed that 
only one species is represented. Comparing the series with a cast of the type of A. 
minuscula, and with the humeri in the Los Angeles County Museum collection from 
Rancho La Brea, the resemblance is found to be very close as far as the proximal 
end is concerned. The characters enumerated for the type of minuscula are present, 
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the outstanding ones being as follows: (1) Humeral head forming a right angle in 
region of capital groove; (2) acute ridge extending to base of humeral head on an- 
conal surface; (3) external tuberosity reduced; (4) excavation between external 
tuberosity and humeral head slight; (5) shaft depressed anconally below humeral 
head, delimited proximally by a line continuous with ridge on shaft; (6) bicipital 
crest rounded in contour and forming clean-cut angle in junction with shaft. There 
appears to be a more marked anconal bend of the proximal end toward the internal ° 
side in the Oregon specimens than in the Rancho La Brea humeri, a condition sug- 
gestive of that found in the mergansers, though less pronounced. ‘The cast of the 
type of minuscula does not seem to be quite reliable in its general contours, judging 
from the illustration (Wetmore, 1924, fig. 3). The bone had been badly splintered 
and it 1s likely that the restored section could not be accurately cast. The cast indi- 
cates a straighter bone than those from either Oregon or California, with a flexure 
of anconal end no greater than in the latter. 

The distal end of the humerus is lacking in the Arizona type. Comparison of the 
Oregon and California specimens shows a difference in the area of the attachment 
of the anterior articular ligament. In the Oregon bones the ligamental attachment is 
rounded in lateral profile, with the more lateral attachment of the pronator brevis 
almost merging into it. This character is gooselike as distinguished from the more 
ducklike condition found in the Rancho La Brea bones, which have a pointed and 
projecting ligamental attachment, clearly separated from muscle scar. Although 
there 1s great variability in some of the structural details of the Rancho La Brea series, 
this character of distal end is similar throughout. It would seem, therefore, that 
this is an important diagnostic feature, on the basis of which the California and 
Oregon bones should be specifically (at least) separated. 

The occurrence of this distinction in the distal ends of the humeri from the two 
localities, when the proximal ends are so similar, raises the question as to which, if 
either, of the west-coast forms can now be associated with minuscula. In acuteness 
of the ridge on the shaft, the Oregon bones seem somewhat closer to the Arizona 
type, but if the flexure of the anconal end is accurately portrayed in the cast, the 
straightness of the type of minuscula is more closely approximated in the California 
humeri. A careful comparison of all west-coast specimens with the type itself will 
be necessary before a definite assertion can be made. 

An incomplete coracoid in the material from Arizona (USNM no. 10555) was 
mentioned by Wetmore (1924, p. 7) as possibly anserine in affinity. This specimen 
is now at hand and seems unquestionably to belong to the same species represented 
by the type humerus of minuscula. It agrees with the series of pigmy goose cora- 
coids from Rancho La Brea in the following particulars: (1) Closer to ducks than 
geese in general proportions, but somewhat stouter; (2) anterointernal edge of shaft 
rounded and thickened as in the geese; (3) head more rounded and heavy than in 
ducks. The four coracoids in the Fossil Lake material also reflect these characters. 
This element does not display any features upon which the birds from the three 
localities may be set apart. 

The entire subject of the “pigmy geese” merits detailed study, not only to ascer- 
tain the species représented, but to establish the relationships of the genus itself. Re- 
cent comparisons with the shelldrakes show marked resemblances there, as well as 
with the tree ducks. Until the subject can be given the time it deserves, however, 
it seems preferable to designate the Oregon specimens as Anabernicula, species. The 
presence of bones of the same peculiar type in three widely separated areas, and well 
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represented in the deposits of California and Oregon, suggests the possibility of the 
common occurrence in prehistory of a now extinct anseriform subfamily. 


List of Geese 


Species No. bones No. individuals 

BANA, CADAGIEMNENS CAMAGIEMESs .oo500000000000000040000 97 10 
BAMA, CAMAGEMENS IMITNTNEA,¢ 550000000000 0000800000008 15 3 
AC ag De sI11 Gl ARPES resin ete caladioidie aus ayes bs 6 2 
[BIPM fOVROY OI IVETE LY iG 5 oy cic oto a Gio SIGNI bey cole eGuc ace ere ne 20 5 
EMISE Teall DITRO MS Enel nee OE eee el ete Na PL ge, 8s 16 5 
Clrenehymenboncarwsrr ety Tee Pe ON. Fok oi tarot oe 28 5 
CNA HOST s 6 33 SARS Hee Sas HORA Oe a ae ae 7 3 
MTNA DE TMICU Lams DECIESA “naa ie Shin ess ee eee cities os ele ens 32 7 
Bramtagiysiloa tale EMA er aIN iy Stree re Ss kes cos pc 1 1 
Cooseyspeciess (lange) hii. See ere eins neo ole wigiewe S 6 2 
Umiclemtiti@lile BOOsS IXOMES. o.600500600000060000000000000 158 2 

386 45 

Ducks 


As would be expected, the Fossil Lake deposits contained abundant remains of 
ducks. The combined collections include 571 duck bones, representing from 86 to 
106 individual birds. According to Shufeldt’s listing, 22 species of these waterfowl 
were included. The number has been lessened to 15, however, as a result of this 
study. 

The ducks form an extremely variable group, in which there is great overlapping 
of specific, or even generic, characters. Without a large series of Recent skeletons 
for comparison, it is almost impossible to identify many of the species. It is not 
surprising, therefore, to find many misidentifications in the material examined by 
Shufeldt. In fact, so large a number of errors appears that it is useless to attempt 
to clarify each one here. The discussion which follows represents a complete re- 
survey of the subject, and, though many of the same species are now listed, the in- 
dividual specimens are largely reassigned. 

A statement as to the abundance of the various kinds of ducks is necessarily more 
generalized than in those groups in which distinction between species can be recog- 
nized in all elements. The surface-feeding ducks are unquestionably predominant, 
however, and the baldpate is probably the most numerous. Actually, more specimens 
of the diving ruddy duck have been definitely recognized, but as this species is easily 
distinguished throughout its skeleton, the specimens so assigned include a greater 
variety of elements than in the case of the baldpate. In number of individuals rep- 
resented, the ruddy falls second to the baldpate. The green-winged teal and shovel- 
ler are fairly numerous, the pintail and mallard less so. 

Of the diving ducks, aside from the ruddy and redhead, no species is represented 
by more than 3 individuals. The total number of bones of divers is 148 (34 to 38 
individuals), of surface feeders 226 (41 to 53 individuals). About 200 specimens 
cannot be determined in detail and are listed only as “duck, species.” These include 
another 11 to 16 individuals. Generally speaking, the identified species are those 
which are to be found today around similarly situated lakes of Oregon. . 


Anas platyrhynchos Linnaeus 


The mallard was present in the Pleistocene lake in small numbers. Fifteen bones 
are definitely so assigned, indicating at least 4 individuals. An ulna, humerus, and 
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carpometacarpus are included here which, though shorter than any Recent bones 
available for comparison, have the heavy proportions of Anas platyrhynchos as con- 
trasted with A. acuta. Each of these three is approximately 3 mm. shorter than the 
smallest Recent mallard bone in our collections. 


Anas acuta Linnaeus 


The pintail, like the mallard, was only fairly abundant. Eleven bones, representing 
4 individuals, may be definitely so assigned. Another 31 specimens resemble both 
Anas acuta and Mareca americana, and cannot be definitely placed with either form. 


Anas carolinensis Gmelin and Anas cyanoptera Vieillot 


The teals were well represented in the deposit, with 47 bones, indicating at least 
9 individuals. 
Anas carolinensis was most abundant, with 20 bones, indicating 5 individuals, 
definitely identified. Another 3 bones of 2 birds are assigned to A. cyanoptera. The 
other specimens cannot be specifically determined. 


Mareca americana (Gmelin) 


The baldpate was probably the most abundant of all the ducks at Fossil Lake. 
At least 35 specimens, indicating 15 birds, are definitely recognizable. In addition 
there are 45 other specimens, overlapping Anas on the one hand and Spatula on 
the other, some of which undoubtedly belong with Mareca. 


Spatula clypeata (Linnaeus) 


Twenty-eight bones of the shoveller occur in the combined collections and repre- 
sent at least 7 individuals. Another 14 bones resemble both Spatula and Mareca, and 
probably include both genera. 


Nyroca americana (Eyton) 


The redhead is the best represented of the nyrocine ducks. Seventeen bones, in- 
dicating at least 8 individuals, are unquestionably of this species. No evidence of the 
canvasback was found; the bones on which Shufeldt based his record of the species 
proved to be pintail. 


Nyroca collaris (Donovan) ? 
Two bones (coracoid, AMNH no. 3527E; humerus, UO no. LK226), of the same 


size as those of the lesser scaup, resemble the ring-necked duck more closely in de- 
tails of structure. As these structural characters are similar in bones of the larger 
Nyroca americana as well, there is a possibility that the two specimens represent a 
small redhead rather than N. collaris. 


Nyroca affinis (Eyton) 
Of less abundance than the redhead is the lesser scaup. Seven bones are so as- 
signed, but only 2 individuals are with certainty represented. Both scaups are re- 


ported in Oregon today, but the greater cannot be definitely identified here. All 


identifiable nyrocine bones of the proper size are assignable to N. americana. 


‘ Charitonetta albeola (Linnaeus) 


The bufflehead was rare, but its presence is unquestionably attested to by 2 bones, 
a carpometacarpus (AMNH no. 3529A) and an incomplete humerus (UO no. 
F1662). 
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Clangula hyemalis (Linnaeus) 
Although the femur and ulnae on which Shufeldt based his record of the old 


squaw are wrongly identified, a number of other specimens resemble this duck and 
are so assigned. These are: 2 humeri, a carpometacarpus, and 2 coracoids (AMNH 
nos. 3508B, 3517C, and 3690), a humerus, carpometacarpus, and ulna (OSC no. 
2500/59), and a coracoid and humerus in the Condon material (unnumbered). They 
represent at least 2 individuals. 


Melanitta perspicillata (Linnaeus) 


Three bones in the Cope collection are indistinguishable from the surf scoter and 
are so assigned. All may be of the same individual. This species was not recorded 
by Shufeldt, the 3 bones having been assigned to three different species. 


Erismatura jamaicensis (Wilson) 


The ruddy duck is well represented in the several collections. A total of 57 bones 
indicates at least 11 individuals. This is probably the most easily recognized, osteo- 
logically, of all the ducks, a fact which undoubtedly accounts in part for the large 
number of specimens so assigned. 


Mergus merganser Linnaeus and Mergus serrator Linnaeus 


Both the American and red-breasted mergansers are found in the remains from 
Fossil Lake. Twenty-nine bones probably represent at least 7 individuals. A third 
species may be present, as several bones which resemble Mergus are smaller than any 
specimens of M. serrator at hand for comparison. They are not as small, however, 
as in Lophodytes cucullatus, nor do they correspond in characters to specimens of 
that species. 


List of Ducks 


Species No. bones No. individuals 
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Ducks, miscellaneous (specifically unidentifiable)........ 197 Li BO 1@ 
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It is impossible to corroborate the occurrence of the other species of ducks recorded 
by Shufeldt. The bones identified as Steller’s eider (Polysticta stellert) are assign- 
able to Nyroca, Mareca, and Anas. Of those recorded as golden eye (Glaucionetta 
islandica), at least half are bones of surface-feeding ducks, and the others belong to 
species of Nyroca, Melanitta, and Mergus, with 1 assignable to a goose. The bones 
recorded as wood duck (Aix sponsa) are largely shoveller. Of the 3 specimens as- 
signed to Histrionicus histrionicus, 1 is probably old squaw, another baldpate, and 
the third is too badly defaced to make a definite identification. The bones recorded 
as Lophodytes cucullatus are now found to belong to old squaw, scaup, and one of 
the anatines. 


FALCONIFORMES 


Falconiformes recorded from the Fossil Lake deposits include four eagles and one 
hawk, as follows: Halaeétus leucocephalus, Aquila chrysaétos, Aquila pliogryps, 
Aquila sodalis, and Circus cyaneus. To these is now added a sixth species, Falco 
oregonus, new species. All these raptors are very scantily represented. 

A few bones of the two living American eagles are identified, as follows: 


Haliaeetus leucocephalus (Linnaeus) 


AMNH no. 3469, wing phalanx; AMNH no. 3467A, ungual phalanx; AMNH 
no. 3486, fragment of ulna; AMNH no. 3485A, fragment of tarsus; UCMP no. 31781, 
scapula; UCMP no. 31794, pedal phalanx; CIT no. 137/3324, phalanx of hallux; 
OSC no. 2500/67, fragment of radius; OSC no. 2500/67, 2 ungual phalanges. 


Aquila chrysaetos (Linnaeus) 


AMNH no. 3467, fragment of tibiotarsus (2 phalanges bearing this number were 
wrongly assigned to this species; see Haliaeétus); AMNH no. 3674, fragment of 
radius; AMNH no. 3470A, symphysis of furcula (cotype of Aquila sodalis, now 
tentatively assigned here). 


In addition to these bones of Recent species, there are 6 specimens which represent 
extinct forms of eagles. These include the type phalanx of Aquila pliogryps and 
type tarsometatarsus of Aquila sodalis (casts of which are available), and four pedal 


phalanges (OSC and AMNH). 
Spizaetus pliogryps (Shufeldt) 


Shufeldt (1892, p. 416 and pl. 17, fig. 33) described the type hallux (AMNH no. 
3471) of this species under the genus Aguila, declaring it to be similar to bones of A. 
chrysaétos but more slender and slightly longer. The cast of this element now at 
hand shows that the length and slenderness of the bone, coupled with its general re- 
semblance to bones of Aquila chrysaétos, accord with the characters of specimens in 
the Los Angeles County Museum collections from Rancho La Brea which have been 
assigned to Spizaétus grinnelli. The genus Spizaétus is represented today by the 
crested eagles of South and Central America, as well as by species indigenous to the 
Orient and South Pacific islands. It is allied with Aguila in the subfamily Aquilinae, 
according to some authorities (see Howard, 19325, p. 3). “Two specimens of 
Spizaétus ornatus from Salvador have been available for comparison. Although the 
skeleton of the latter is similar to that of Aquila in many respects, Spizaétus presents 
a generally more slender appearance throughout. In S. grinnelli from Rancho La 
Brea, the phalanges are even more slender, relatively, than in the Recent S. ornatus. 
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In this respect the hallux of pliogryps agrees with that of S. grinnelli. In view of its 
close resemblance to S. grinnelli, pliogryps is here assigned to the genus Spizaétus. 
That the Oregon fossil is specifically distinct from the California bird is indicated by 
comparison with over a hundred Rancho La Brea specimens. Distinguishing char- 
acters of pliogryps are as follows: (1) greater convexity across anterior surface; (2) 
greater depth through shaft. Length of phalanx, 38 mm.; breadth and depth of 
shaft, each 6.8 mm. 

Three other phalanges in the Fossil Lake material are probably also assignable to 
pliogryps. ‘These are: a second phalanx of digit 2 (AMNH no. 3467B), previously 
-assigned to A. chrysaétos; a second phalanx of digit 3 (AMNH no. 3468A), referred 
to Bubo virginianus; and a first phalanx of digit 3 (OSC no. 2500/68). All are too 
slender for Aquila, though similar in general contour. They closely resemble speci- 
mens of S. grinnelli from Rancho La Brea, but show greater depth of shaft, reflecting 
the condition noted in the type hallux. 


Hypomorphnus ? sodalis (Shufeldt) 


The type of Aguila sodalis is a fragmentary proximal end of a tarsometatarsus 
(AMNH no. 3470), a cast of which is at hand. As indicated in the description of 
the species (Shufeldt, 1892, p. 417 and pl. 15, fig. 5), the size of this specimen agrees 
closely with the distal end of tibiotarsus (from the Miocene of Nebraska) described 
by Marsh as Aguila (now Buteo) danana. Breadth of distal end of tibiotarsus of 
B. danana, 16.9 mm. (Wetmore, 1926, p. 405); breadth of proximal end of tar- 
sometatarsus of sodalis, approximately 18 mm. Considering the extent of geologic 
time between the periods of deposition of the two bones, it is not likely that they 
represent the same species. At any rate, since the name sodalis has been erected for 
the Oregon tarsus, it should be retained until more concrete proof of its synonymity 
is forthcoming. 

Regarding the generic allocation of sodalis, the writer has previously (19320, p. 32) 
expressed the belief that relationship with Aquila was doubtful. The present study 
confirms this opinion. The position of the internal foramen posteriorly, at the base 
of the internal calcaneal ridge, and the shortness of the ridge itself resemble the typi- 
cal buteonine hawks and eagles rather than either Aguila or Spizaétus. At first 
glance the specimen resembles that of a large hawk such as Buteo regalis or B. 
jamaicensis. Towever, the papilla for the attachment of the tibialis anticus muscle is 
less prominent and more proximally placed, and the posterior surface lacks the marked 
concavity found in the tarsometatarsus of Buteo. 

The high position of the papilla for the tibialis anticus (scarcely 4 mm. below the 
foramina) approaches the condition found in the Pleistocene eagles Buteogallus 
fragilis and Morphnus wocdwardi. Although the Oregon fossil is similar in size 
to the tarsus of fragilis, the anterior and posterior surfaces and the general contour 
of the bone are more rugose than in that species. The resemblance is closer to M. 
woodwardi, particularly in the sturdiness of the external calcaneal ridge, but the 
difference in size and the absence of the multiple foramina posteriorly precludes the 
possibility of identity with that fossil species. Of the modern species compared, 


7 As a recent review of characters of this fossil species shows it to be more closely related to 
Urubitinga (now Buteogallus) anthracina than to Urubitinga (now Hypomorphnus) urubitinga, the 
species should be known as Buteogallus fragilis, rather than Hypomorphnus fragilis as recorded in 
the current Checklist of fossil birds. This relationship holds, also, for the species described as 
Urubitinga milleri, which should now be known as Buteogallus milleri. 
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Hypomorphnus urubitinga is similar in contours, position of papilla, and position 
of foramina, and represents the closest approach to sodalis of any available species; 
it differs in more slender external calcaneal ridge and in its smaller size. It seems 
best, however, to place sodalis tentatively in the genus Hypomorphnus in view of 
its generally greater resemblance to that genus than to any other with which it has 
been compared. An exact determination of the generic and specific position of so 
fragmentary a specimen is almost impossible. Allocation to Hypomorphnus at least 
suggests the general relationship of the fossil more accurately than the previous as- 
signment to Aquila. ; 

A pedal phalanx in the Cope collection may also belong to sodalis. This is a first. 
phalanx of the hallux, figured by Shufeldt without identification (1913, pl. 19, fig. 
tg1e’; AMNH no. 3683). It represents a slender-toed buteonine raptor and, except 
for larger size, is not unlike the same element in Parabuteo. It is relatively longer 
and more slender than in Buteo jamaicensis, or even Hypomorphnus urubitinga. It is 
too small to be associated with S. pliogryps. 

The symphysis of furcula which Shufeldt placed in this species (AMNH no. 
3470A) is much too large for a bird of the size indicated by the type tarsometatarsus, 
and strongly resembles Recent specimens of Aquila and Spizaétus. An exact deter- 
mination cannot be ventured on so fragmentary a specimen. ‘The curvature is sug- 
gestive of Sprzaétus, and the bone may belong with S. pliogryps. ‘There is consider- 
able variation in this element, however, and certain specimens of Aquila chrysaétos 
also closely approach the fossil. In view of the marked sturdiness of the bone, alloca- 
tion to the golden eagle seems reasonable. 


Circus cyaneus Linnaeus 


The marsh hawk is the only hawk found in the material from Fossil Lake. It is 
represented by a tarsometatarsus in the University of California collection (UCMP 
no. 31767) and was recorded by Miller (1911, p. 87). No other specimens of the 


species have appeared in the collections from the Oregon deposit. 


Falco oregonus, new species 
(Plate 1, figures 2, 3) 


A single falcon bone occurs in the collections from Fossil Lake. It has been com- 
pared with a series of Recent falcon skeletons, but, though of the general size of 
Falco mexicanus and F. peregrinus, it fails to accord with structural characters of 
either of these species. It is therefore described as a new species, Falco oregonus. 

Type. Right carpometacarpus, UCMP no. 31779, collected by Annie M. Alex- 
ander party in rgor; Pleistocene, Fossil Lake, Oregon. 

Description. Similar in size to Falco mexicanus, but distinguished from it by (1) 
less depression of head internaily between pisiform process and process of metacarpal 
1; (2) more clearly defined proximal symphysis of metacarpals 2 and 3, seen in 
posteroexternal view, lacking deep undercut of F. mexicanus; (3) posteroexternal 
margin of internal crest of trochlea not bordered by a well marked depression, but 
having a small pit only, near the distal tip of the crest. 

The smallest available comparable specimen of F. peregrinus is 2 mm. longer than 
the fossil carpus. Falco peregrinus is similar to the fossil in contour of internal face 
(no. 1 above) and approaches it in characters pertaining to the symphysis (no. 2), 
though the symphyseal area is smaller than in the fossil. The margin of the internal 
crest of the trochlea (no. 3) is the same in peregrinus as in mexicanus; the fossil is 
distinct from both. 
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Falco columbarius, F. sparverius, and F. fusco-coerulescens are all smaller than the 
fossil. Falco fusco-coerulescens, however, is the only species, of all those examined, 
which approaches it in character of the margin of the internal crest of the trochlea, 
lacking the marked excavation which characterizes the area in the other Recent 
forms. 

Measurements of type. Greatest length, 53.1 mm.; depth of proximal end, 14.2 
mm.; breadth of proximal trochlea, 5.5 mm.; height of process of metacarpal 1, 9.3 
mm. 

GALLIFORMES 


Galliform bones, though numerous in the Fossil Lake deposits, are confined en- 
tirely to several species of grouse. About 100 bones of grouse occur in the combined 
collections at hand and represent 16 or more individual birds. At least three-fourths 
of the specimens were examined by Shufeldt and classified into six species: Pedioe- 
cetes phasianellus, Pedioecetes lucasi, Pedioecetes nanus, Tympanuchus pallidicinctus, 
Centrocercus urophasianus, and Paleotetrix gillt. 

The occurrence of T'ympanuchus cannot be corroborated by this study. Of the 8 
specimens on which the record was based, 2 humeri are assignable to Centrocercus 
urophasianus; 1 humerus, 2 coracoids, and 2 carpometacarpi are referred to the ex- 
tinct /ucasi; and the proximal end of a femur is too fragmentary to be given definite 
assignment. 

In the bones of modern species of grouse, there is a wide range of variation within 
each species. This fact, coupled with a certain amount of overlapping among the 
various species, results in some confusion in determining the fossil bones. It is evi- 
dent from available carpometacarpi that three extinct species of grouse are present, 
and at least two of these are represented in the tarsometatarsi. However, Shufeldt’s 
unfortunate choice of an ulna as the type of P. lucasz, plus the fact that the type ma- 
terial of P. nanus (consisting of several specimens but not including an ulna) is 
divisible into two species, makes it practically impossible to decide which bones shall 
be called ducasi, and which nanus. As far as it is possible to determine, the type ulna 
of /ucasi could be as well associated with one set of tarsometatarsi as the other. Rather 
than allow the matter to rest in this state of confusion, however, it seems wise to 
recognize the tarsometatarsi which Shufeldt referred to /ucasi as properly assigned. 
With these are now placed 4 similar (though slightly smaller) specimens which were 
included with Shufeldt’s type material of manus. This leaves only 2 tarsi to represent 
the latter species. Later discoveries may prove that this association of elements of 
lucast and nanus is erroneous, but it is in as close accord as is now possible with the 
concept of the species which Shufeldt expressed. 

There seems little possibility that either of the sets of tarsometatarsi just discussed 
belongs with the carpometacarpus described as Paleotetrix gilli, unless the latter rep- 
resents only an abnormal variation, rather than a true species. So far Paleotetrix 
is known only from the type. There are, in addition to the type of Paleotetrix, two 
other groups of carpi which seem suitably associated with the available tarsi of lucasi 
and nanus respectively. 


Dendragapus lucasi (Shufeldt) 
(Plate 1, figure 4) 
This species was described (Shufeldt, 1892, p. 414 and pl. 17, fig. 30), on the basis 
of a complete ulna (AMNH no. 3476), under the genus Pedioecetes. ‘Two other 


ulnae were also assigned. The impossibility of proper determination of the type has 
been discussed above. The change in generic assignment, therefore, is based on the 
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relationship shown by the 7 tarsometatarsi referred to this species (AMNH no. 3476, 
2 specimens, originally referred to /ucasi; AMNH no. 3475A, 4 specimens, originally 
referred to nanus; OSC no. 2500/74, 1 specimen). 

The characters of the tarsometatarsi represent a blending of those found in Den- 
dragapus and in Centrocercus. The size, general proportions, and anterior contours 
resemble tarsometatarsi of Dendragapus, but the internal edge of the shaft proximally 
tends to be deeper, and closer to the internal proximal foramen posteriorly, as in 
Centrocercus. The hypotarsus lacks the anteroposterior depth and the prominence 
of Dendragapus. he distal end is more like Centrocercus in its symmetry and in 
the small internal trochlea, but the middle trochlea is broad as in Dendragapus, and 
the position of the internal trochlea is low with respect to the distal end, also as in 
the latter genus. 

Six carpometacarpi are thought to belong to this species (AMNH no. 3475A, 2 
specimens, originally assigned to P. nanus; AMNH no. 3477A, 2 specimens, previ- 
ously assigned to P. phasianellus; and AMNH no. 3478A, 2 specimens, identified as 
Tympanuchus pallidicinctus). All are similar in size and general characters to Den- 
dragapus obscurus, but show relatively less depth of proximal end and less develop- 
ment of the intermetacarpal tuberosity. 

Assignment of other elements is uncertain. The humerus which Shufeldt placed 
with Tympanuchus is similar in character to Dendragapus and may likely belong 
with D. /ucasi. Three complete coracoids (2 left, AMNH no. 3478A, referred to 
Tympanuchus; and.1, OSC 2500/74) have the symmetry and slenderness of Centro- 
cercus, but are smaller and lack the junction of the intermuscular lines on the pos- 
terior face, thus more closely approximating Dendragapus. It seems likely that these 
bones should be placed with the tarsi referred to Jucasi. Other elements are not as- 
signed. 


Dendragapus nanus (Shufeldt) 
(Plate 1, figure 1) 
This species, described under the genus Pedioecetes (Shufeldt, 1892, pp. 414-415), 


was based on 6 tarsometatarsi and 2 carpometacarpi (AMNH no. 3475), no one bone 
being designated as the type. The carpometacarpi are very close to Dendragapus 
obscurus in characters and are now assigned to D. lucasi. Four of the tarsometatarsi 
are also allocated to /ucasi. This leaves but 2 specimens, both right tarsometatarsi, 
to represent the species manus. It is therefore suggested that the complete tarsus 
be designated as the type specimen of this extinct species. 

The species nanus was originally described only as being of smaller size than 
Pedioecetes phasianellus or P. lucasi, with more strongly developed extremities than 
the former. Further characters now appear which clearly separate nanus from the 
genus Pedioecetes. Possibly it belonged to a genus now extinct, but until more can 
be known of the species, it is placed in Dendragapus, a genus with which it shows 
certain affinities. 

Characters of type. Similar to tarsometatarsi of Dendragapus obscurus in (1) 
rounded borders of anterior face of shaft; (2) reduced depression of anterior surface 
of shaft; (3) short, prominently projecting hypotarsus; and (4) broad median troch- 
lea, and deep internal trochlea of distal end. Distinguished from D. obscurus by 
(1) extreme proximal location of tubercle for tibialis anticus muscle; (2) more sym- 
metrically flared distal end; and (3) relatively more slender shaft. 

A carpometacarpus in the University of California collection (UCMP no. 31784) 
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is tentatively assigned to this species. It somewhat resembles the element in Den- 
dragapus obscurus, but the external surface of the proximal end is less rugose and 
the process of metacarpal 1 is more markedly tilted upward. 


Pedioecetes phasianellus (Linnaeus) 


Of the several bones which Shufeldt identified as of this species, 3 appear to be 
correctly assigned: a proximal end of right humerus, a right carpometacarpus, and 
a left tarsometatarsus. All are in the Cope collection (AMNH no. 3477), and pos- 
sibly represent a single individual. There is some doubt as to the allocation of the 
larger tarsometatarsus and the coracoid which Shufeldt assigned to this species; the 
latter bears closer resemblance to Dendragapus. ‘Two of the carpometacarpi are now 
assigned to D. lucasi; and the ulna, femur, and tibiotarsi are too fragmentary to 
determine, although the tibiae do not show the arrangement of tendinal attachments 
characteristic of Pedioecetes. 

A coracoid and femur (AMNH no. 3700) in the material which Shufeldt did not 


classify are tentatively assigned to this species. 


Centrocercus urophasianus (Bonaparte) 


At least 44 bones are definitely assigned to the sage grouse, and 3 or more in- 
dividuals are represented. The best specimens of this species are found among those 
collected for the U. S. National Museum by William Day, in 1883. The others are 
in the Cope collection (AMNH nos. 3473, 3478B), and in that of Oregon State Col- 
lege (OSC no. 2500/70). Most of the bones are large, indicating male birds. 


Paleotetrix gilli Shufeldt 


The type carpometacarpus (AMNH no. 3474) is the only specimen known of this 
extinct genus and species. A cast of the type is available for study. 

The species was described (Shufeldt, 1892, pp. 415-416) as smaller than Centro- 
cercus urophasianus, but larger than any other existent grouse. This statement is 
no longer tenable, as there is now at hand a specimen of female sage grouse which 
is smaller than the fossil. The significant features of Paleotetrix, however, lie in its 
physical contours rather than in actual size. The character stressed by Shufeldt is 
evident in the cast, namely, the presence of a distinct space between the abruptly 
terminated posterior border of the external crest of the carpal trochlea and the in- 
ternal crest of the same. Although in Pedioecetes the border of the external crest ends 
somewhat abruptly, in no species of grouse is the separation between the external and 
internal crest so marked as in Paleotetrix. ‘The condition is actually more closely 
simulated in the turkeys, chickens, and pheasants. On the basis of the cast alone, 
however, it is impossible to make the detailed comparisons requisite for complete un- 
derstanding of its relationships. 


List of Galliformes 


Species No. bones No. individuals 
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GRUIFORMES 


With the exception of 1 rail bone, all the 162 gruiform specimens in the Fossil 
Lake beds are assignable to the coot. 


Rallus limicola Vieillot 


A small humerus in the Oregon State College collection (OSC no. 2500/76) is the 
only representative of the rails. The specimen is here assigned to the Virginia rail, 
and represents a larger than average bird of that species. 


Fulica americana minor Shufeldt 


Fulica americana was among the first species to be recorded from the Fossil Lake 
deposits (Cope, 1878). Later Shufeldt (1892, p. 412) described Fulica minor based 
on several small elements for which he found no counterpart in size among com- 
parative Recent specimens of americana. The type bone of minor is a humerus 
(AMNH no. 3480; Shufeldt, 1892, pl. 17, fig. 32), the length of which is 62.5 mm. 
The referred material consists of another humerus, 64 mm. long, 2 coracoids, and a 
femur. The smaller of the coracoids measures 28 mm. according to the present 
writer's instrument, although Shufeldt listed it as 27 mm. The other coracoid is 
broken, but probably would have measured at least 29 mm. long when complete. 
The femur is 51.5 mm. in length. 

These small bones stood apart from the larger specimens of Fulica which Shufeldt 
assigned to F. americana. The addition of more fossil bones of coot from the later 
collections, however, has resulted in a series of over 150 specimens grading from small 
to large, measurements of which are not markedly dissimilar to those taken on a 
series of over 70 modern skeletons of americana now available. In studying the 


Measurements of length of fossil and recent coot bones 
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accompanying table, it will be observed that, although the coracoid averages nearly 
the same in the fossil and Recent series, the averages for the fossil humeri, ulnae, and 
carpometacarpi fall well below those of the Recent bird, with the minimum for each 
element below the range of the Recent. On the other hand, fossil femora and tar- 
sometatarsi fall entirely within the size range of americana, but with slightly greater 
averages indicated for the fossil. Unfortunately most of the fossil tibiotarsi are in- 
complete. The one available complete tibia is almost 3 mm. longer than the maxi- 
mum of americana, and another specimen, the length of which can be estimated, 1s 
about 1 mm. above the Recent. 

From these figures it is strongly suggested that a single species is represented, agree- 
ing with F. americana in all structural characters, but having a tendency to relatively 
shorter wings and, possibly, longer legs than the living coot. It is, of course, possible 
that these specimens represent only the extremes of range in a more variable Pleisto- 
cene bird. On the other hand, it seems illogical that the fossil bones which fall be- 
low the minimum of F. americana should occur only in the wing elements, the longer 
ones only in the leg, if the proportions of the bird were the same then as now. Of 
the total of 161 specimens referred to Fulica, 41 are complete and measurable. Eight 
of these (all wing elements) are smaller than in F. americana, 2 (tibiotarsi) are 
larger. Seventy-six per cent of the specimens are indistinguishable from specimens of 
F. americana, though the total picture of the bird indicates different skeletal pro- 
portions. It is no longer possible to recognize F. minor as a distinct species in the 
fossil avifauna, nor, on the other hand, does it seem entirely proper to consider the 
fossil form to be identical with the Recent bird. The indications are that the living 
coot is a direct outgrowth of the Pleistocene bird and that we can again apply the 
principle of the chronocline as explained by Simpson (1943, pp. 170-177) and as al- 
ready applied in this study in the case of the large grebe (p. 150). It is therefore 
suggested that the fossil coot be differentiated from the living bird with a trinomial, 
the name minor being used in that position, i.e., Fulica americana minor. 


CHARADRIIFORMES 


Suborder Charadru: Shore Birds 


The previous record of a single shore bird, Lobipes lobatus, from Fossil Lake is 
now increased to a possible six species, represented by from 1 to 4 individuals each. 


Numenius americanus Bechstein ? 


A fragment of the manubrium of a sternum (OSC no. 2500/91) resembles the 
long-billed curlew in characters and in size. The assignment to that species is tenta- 
tive, however, in view of the fragmentary condition of the specimen. 


Totanus melanoleucus (Gmelin) 


An incomplete humerus (AMNH no. 3490B, assigned by Shufeldt to Sterna ele- 
gans) resembles that element in the lesser yellowlegs so exactly that it is so assigned, 
even though the head of the bone is missing. Another specimen of humerus (AMNH 
no. 3699) also agrees with this species and indicates a second individual. 


Limnodromus griseus (Gmelin) ? 


A complete ulna in the collection of the California Institute of Technology (CIT 
no. 137/3314) and a distal end of this element in the Cope collection (AMNH no. 
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3565B, recorded as Colymbus nigricollis) closely resemble the dowitcher. It is dif- 
ficult, however, to make a definite identification on the basis of the ulna alone in 
this group, in which there are so many species of similar size and general characters. 


Recurvirostra americana Gmelin 


A complete humerus in the Cope collection (AMNH no. 3492A), assigned by 
Shufeldt to Larus philadelphia, \acks the deep excavation of the brachial area char- 
acteristic of the gulls, and is now found to agree in all respects with Recent speci- 
mens of the avocet. 


Himantopus mexicanus (Muller) 


A second incomplete humerus, listed as Sterna elegans® (AMNH no. 3490C), 
undoubtedly represents the stilt. A distal end of tarsometatarsus in the Oregon State 
College collection (OSC no. 2500/92) may also belong to this species, though it ap- 
pears to be somewhat less compressed across the trochleae than in the comparative 
tarsi of Himantopus at hand. 


Lobipes lobatus (Lionas) 


This species was recorded on the basis of 3 complete humeri in the Cope collec- 
tion (AMNH no. 3479). To these are now added 5 more humeri (UCMP 1, no. 
31797; OSC 2, no. 2500/93; AMNH 2, no. 3697), and a carpometacarpus (AMNH 
no. 3697). The 9 specimens represent at least 4 individuals. 


Suborder Lart: Jaegers, Gulls, Terns 


The suborder Lari is better represented than the foregoing Charadrii. Over 50 
specimens are now recognized from the several collections. Shufeldt (1892, pp. 397- 
400) recorded nine species from bones in the Cope and Condon collections, as follows: 
Larus argentatus, L. robustus, L. californicus?, L. oregonus, L. philadelphia, Xema 
sabim, Thalasseus elegans?, S. forsteri?, and Chlidonias nigra. Some of these are 
represented in the other collections as well, but others must now be removed from 
the list. 

The identification of Larus argentatus was based on a distal end of humerus in 
the Cope collection (AMNH no. 3491). The somewhat fragmentary proximal part 
of this bone has now been found in the unidentified material of that collection. With 
the nearly complete bone at hand, it is obvious that the specimen is not of Larus, but 
closely resembles Szercorarius, though of larger size than any existing species of that 
genus. The bone is therefore now designated as the type of an extinct species, for 
which the name Stercorarius shufeldti is proposed. 


Stercorarius shufeldti, new species 
(Plate 2, figures 1, 2) 


Type. Humerus (AMNH no. 3491), complete except for inner side of proximal 
end; Pleistocene, Fossil Lake (“Silver Lake” of Cope), Oregon. 

Description. Similar to Stercorarius pomarinus except for larger size. Length, 
139.1 mm.; breadth of distal end, 18 mm.; least breadth of shaft, 8.2 mm. 

Discussion. Comparison with Catharacta skua maccormicki shows the fossil bone 
to be equal in length to the skua humerus, but relatively more slender and with 
sharper contours. The brachial impression is more clearly outlined but less de- 


8 See also Totanus melanoleucus. 
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pressed. The characters which distinguish the fossil from Catharacta are the same 
as those which separate the jaegers (Stercorarius) from that genus. The fossil may, 
therefore, be considered a true jaeger of very large size. 

The possibility that this humerus belongs with the coracoid described as Larus 
robustus has been considered. As the humerus is distinctly that of a jaeger, how- 
ever, and the coracoid is definitely larine, it does not seem possible that they represent 
the same bird. 


Larus robustus Shufeldt 


The type of Larus robustus (Shufeldt, 1892, p. 398 and pl. 15, figs. 1, 2) is a com- 
plete left coracoid (AMNH no. 3492), a cast of which is at hand for study. Speci- 
mens of ulna, tibiotarsus, and tarsometatarsus referred to this species all prove now 
to be goose. 

The type is equaled and even exceeded in length by coracoids of L. glaucescens, 
but is relatively broader across the furcular facet than in any of the gulls available. 
The anterior edge of the head is markedly extended into a narrow process as in L. 
hyperboreus and several specimens of L. californicus. A somewhat similar extension 
occurs in one specimen of L. occidentalis, but the process formed is not so narrow. 
The extension of this area is much less marked in L. argentatus, or L. glaucescens, 
but as it is also small in some specimens of L. californicus, it may not be a constant 
character. The slant of the head and the angularity of the shaft in L. robustus bear 
close resemblance to L. californicus, though the bone is of much greater size. Avail- 
able specimens of L. hyperboreus are slightly shorter and more slender. 


Comparative measurements of type of Larus robustus and coracoids of related gulls 


C 


b Diistianee 
a Breadth from distal Ratios (%) 

Length* furcular border of 

(mm.) facet scapular facet b toa ctoa 
(mm.) to head (mm.) 

IEAGUSEROMUSEUSH re 55,8 16.4 20.5 1X8), §} 36.6 
Be hyperboreusse eee. 54.5 14.4 19.2 26.4 $35), 2 
aclaucescensnan ne 95). 7 14.6 18.5 26.2 33.2 
JL, CANITOAMICTS. ooo c060cc 44.6 1203 15.5 27.8 34.8 


*Length measured in a straight line from head to sternal facet, not to internal tip of facet. 


Larus oregonus Shufeldt 


The species Larus oregonus (Shufeldt, 1892, p. 398) was based on 2 humeri, 1 of 
which was designated as the type (zbid., pl. 15, fig. 3). A cast of this latter (AMNH 
no. 3494) is now available. The other specimen, if present in the collections at hand, 
is not labeled oregonus. 

The type was described as near Larus delawarensis in size, but differentiated there- 
from on the basis of the less oblique position of the median crest and the greater 
stoutness of the shaft. With a larger series of modern specimens now available, it 
is evident that the position of the median crest may vary within a species, and several 
bones of delawarensis are found to coincide with the fossil. The stoutness of the 
shaft in oregonus, however, cannot be duplicated in available specimens of L. dela- 
warensis or of the larger L. californicus, though a proportionate stoutness does ap- 
pear in the smaller L. canus brachyrhynchus. The type of oregonus also agrees with 
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L. c. brachyrhynchus in being a relatively shorter bone than in either L. delawarensis 
or L. californicus. Unfortunately the type specimen is incomplete distally, so that 
exact measurements are impossible, but the faint indication of the beginning of the 
brachial depression is evident, and by holding the specimen alongside a modern bone, 
the length can be visualized. Two other incomplete humeri (AMNH nos. 3495A, 
3695), which are here assigned to L. oregonus, further substantiate the belief that 
both shortness and broadness are valid characters of the fossil gull. These specimens 
lack the proximal end, but the distance from the end of the deltoid crest to the distal 
end can be measured, and is found to be notably shorter, whereas the shaft is broader, 
than in Recent bones of L. californicus of similar distal breadth. 

A structural character in the type of oregonus, which seems to differ from speci- 
mens of L. delawarensis and L. californicus but tallies with those of L. canus, is the 
narrowness of the depression below the head anconally. This depression, bounded by 
the sharp apex of the shaft on one side and by the median crest on the other, tends 
to narrow almost to a point in the fossil and in L. canus, but is more generously 
rounded in L. californicus; L. delawarensis is intermediate in this character between 
the fossil and californicus. 

The tarsometatarsi referred by Shufeldt to oregonus are now found to be bones 
of coots. There are, however, 2 other complete and identifiable tarsi in the collec- 
tions which are larine (AMNH no. 3495A, CIT no. 137/3315). In actual length 
and stoutness of shaft they agree with measurements of L. californicus, but they have 
the relatively long, straight shaft and narrow ends more characteristic of L. dela- 
warensis. As with the humeri assigned to L. oregonus, the proportions of these tarsi 
resemble those of L. canus brachyrhynchus, though the fossil bones are much larger. 
It is altogether probable, therefore, that the tarsi are assignable to oregonus. 

Two coracoids were also referred by Shufeldt to L. oregonus (AMNH no. 3493). 
One is too fragmentary to assign definitely; the other, a complete left, resembles 
available coracoids of delawarensis in slenderness of proximal end, but has the greater 
over-all length of californicus. The upper part, however, from scapular facet to 
head, is shorter, relative to total length, than in californicus, delawarensis, or canus. 
Four other coracoids (AMNH 3, no. 3495A, previously called californicus; OSC 1, 
no. 2500/86) also display this character of short upper part. It is likely that these 
coracoids belong to L. oregonus. 


Measurements of Larus oregonus 


Humerus: 
Length from distal extremity of deltoid crest to distal end of bone (mm.).  81.0—-83.5 
Breadth: distalvende Gms) A... he eee eee ee 15.3-16.0 
Breadth ‘of shaft: (mimi) se 42: Grn oe. ee eee eee 6.6— 7.1 
Tarsometatarsus: 
JE esavogel ven Guigc ee Penn EO ner cer ren ior ee ints s Ms Heh stnUG Yet 6 oS 0 00 00 61.4-64.1 
Ratiombreadthe proximal gen stoplenmeciam (>) piel ntsc naa nr 15.2-15.5 
atrompreadthwdistallendstonlencit-lim (2) ieee nn tenia ana 14.3-15.1 
Coracoid (1 measurable specimen only, AMNH no. 3493): 
Length from head to convex part of sternal border (mm.).................... 42.3 
Ratiombreadthenurcularstacetavoslene theo feb onen (/,) Meier n ii eae en ne Mas . 
Ratio, distance from distal border of scapular facet to head, to length (%)..... 32 2 


Larus californicus Lawrence 


A complete left coracoid in the collection from Oregon State College, and 2 cora- 
coids and a proximal end of humerus in the Cope collection, are indistinguishable 
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from comparable modern specimens of California gull. Two incompletely ossified 
coracoids and fragments of ulna and tibiotarsus are also tentatively referred to this 
species. 

Sixteen other gull bones, comparable in size to L. californicus, are present in the 
collections, many of them young or fragmentary specimens. Although all agree in 
size with L. californicus, some are included in the ranges of L. delawarensis and L. 
occidentalis and might likely accord with L. oregonus as well, were it possible to 
identify the entire skeleton of that species. As it is impossible to discern any dis- 
tinguishing structural characters in these latter specimens, they are left unassigned. 


Larus philadelphia (Ord) 


Of the smaller gulls, Shufeldt recorded both Larus philadelphia and Xema sabint. 
As these species are extremely difficult to distinguish, and Shufeldt’s comparative 
material was scant, his identifications are doubtful. The record of X. sabini is based 
on a single humerus in the Condon collection (UO no. F1679), which is of more 
slender proportions than available humeri of either the Sabine or the Bonaparte gull. 
Its general proportions suggest Sterna elegans, but the low ectepicondylar process and 
curving ridge of the anconal surface of the shaft are gull-like. Possibly the specimen 
represents an extinct form. 

One complete and 1 broken humerus in the Cope collection (AMNH no. 3492) 
bear the name Larus philadelphia. The complete bone is not gull, and is discussed 
in the foregoing section on the Charadrii. The fragment corresponds in size to both 
Xema and L. philadelphia, and cannot be distinguished from either. 

In addition to the specimens assigned by Shufeldt, there are now at hand a number 
of other small gull bones. These include: 1 ulna (OSC no. 2500/89); 1 coracoid 
(AMNH no. 3489A, previously referred to Sterna forsteri); and 4 carpometacarpi 
(OSC 1, no. 2500/89; CIT 2, no. 137/3322-3323; AMNH 1, no. 3481C). The ulna 
is too small for Xema sabini, but agrees in size and placement of papillae with L. 
philadelphia. ‘The coracoid, too, is smaller than in Xema; it is too worn to deter- 
mune the detailed structural characters. The carpometacarpi are difficult to distin- 
guish, although the combination of several characters indicates greater similarity to 
L. philadelphia than to X. sabint. 

As the trend of all available specimens of small gull is toward L. philadelphia, the 
species is here maintained as listed. Xema sabini, however, is omitted. 


Sterna forsteri Nuttall 


The specimens on which the original tentative identification of the Forster tern 
was based are 2 coracoids, 2 carpometacarpi, and 1 humerus (all AMNH no. 3489). 
The humerus is certainly correctly assigned to this species, and one of the coracoids 
is likely so (the specimen is too young to make a definite determination). The other 
coracoid, however, has the deep excavation under the furcular facet which is char- 
acteristic of the gulls, and has now been referred to Larus philadelphia. The 2 car- 
pometacarpi are of ducks. 

In addition, a distal end of humerus (OSC no. 2500/90), a fragment of mandible 
(AMNH no. 3559C), and a carpometacarpus and possibly a young tibiotarsus 
(AMNH no. 3696) are now referred to S. forsteri. Among the specimens in the 
Cope collection identified as Thalasseus elegans is 1 carpometacarpus (AMNH no. 
3490A) assignable to the Forster tern. The specimen is 10 mm. shorter than the car- 
pometacarpus of the elegant tern. The other bones assigned to T. elegans are not 
tern, and that species is now eliminated from the list of birds from Fossil Lake. 
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Chlidonias nigra (Linnaeus) 


The humerus identified as the black tern (AMNH no. 3488) agrees with compar- 
able specimens of that species at hand. No additional bones of this species are found 
in the other collections. 


List of Charadriformes 


Species No. bones _—No. individuals 


— 


INOS AMNAMCANUSE soc bccccccccoccsvoseovnssucooes 1 


IFLATEVNCO OWS WAEMICAMUS. occooscococcoocen voce Us Atak Aogphk Bie 
Lobipes 1obatussy eyes coihrn hyn ok oi Oe eee cea a 
Stercoraniusishufeldtinne: sineee ce ae nen 
ILAVFUS MODUS. .sc0ccuccccs PE ae ak Dene cc eee eee 
anus OFeS ONUSE si acres ae ete oe ae 
arus'californicustes 40). ete othe eee 
iarus philadelphia. see eae ee ee Ce ee 
Gulls, ‘miscellaneous: eae ee ee ert 


NO We RR PR Re bd 


con om 
m= ~7F ~1 0 CO ORR OO DOR Ww Ww 


N: 


70 24 


STRIGIFORMES 


The only species of owl known from Fossil Lake is the horned owl, Bubo wir- 
ginianus. ‘The original record (Shufeldt, 1892, p. 418) was based on a carpomet- 
acarpus and pedal phalanx (AMNH no. 3468). The former specimen is correctly 
assigned, but the phalanx is now found to belong to one of the diurnal raptors, and 
is discussed under Spizaétus pliogryps. 

A distal end of tibiotarsus of this owl is added from the Oregon State College col- 
lection (OSC no. 2500/94). 


PICIFORMES 


The woodpeckers have not been previously listed in the avifauna of Fossil Lake. 
Among the small specimens of perching birds reviewed for this study by Alden H. 
Miller, of the University of California Museum of Vertebrate Zoology, one fragment 
of tibiotarsus (OSC no. 2500/100) proved to be piciform. Miller identifies the bone 
as that of a flicker and, as in the case of flicker bones from other fossil deposits in 
California, assigns it to Colaptes cafer on geographic grounds. ‘The eastern and 
western flickers are osteologically so similar that only by comparing large series of 
skeletons can definite distinctions be drawn. 


PASSERIFORMES 


Two passerines were recorded from Fossil Lake by Shufeldt, both described as ex- 
tinct. In the present study, Shufeldt’s species are synonymized with Recent forms 
and another two, or possibly three, modern species are added. 

Fifteen bones of Passeriformes are present, but occur in only two of the several 
collections (AMNH and OSC). These represent approximately 8 individual birds. 
With the exception of the cast of the type of the raven described by Shufeldt as ex- 
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tinct, all the passerine material has ‘been studied by Alden H. Miller, of the Uni- 
versity of California Museum of Vertebrate Zoology. He has kindly submitted a 
report on the species represented, and the discussion of the small passerine forms is 


based on his findings. 


Corvus corax Linnaeus 


A tarsometatarsus of a raven was described by Shufeldt (1892, p. 419) as Corvus 
annectens. The name annectens being preoccupied, it was later changed by Sharpe 
(1909, p. 599) to Corvus shufeldti. 

The type of this species is the only representative of raven in the Cope collection, 
nor are any large passerine bones to be found in the other collections from Fossil 
Lake. A cast of the type is at hand. It represents a bone identical in all respects 
with Corvus corax of today. Shufeldt distinguished his species from the living raven 
on the basis of small size only. Measurements were given as follows (Shufeldt, Joc. 
cit.): length of tarsometatarsus, 61 mm.; transverse diameter of mid-shaft, 4 mm.; 
transverse diameter of trochlear end, 8 mm.; height of hypotarsus, 4 mm. 

Among the comparative specimens of Recent C. corax in the Los Angeles County 
Museum collections is one from Tiajuana, Mexico, which is identical in size with 
the fossil, and another (for which no exact data as to locality are available) which 
measures only 60 mm. long; breadth of shaft and distal trochleae agree, proportion- 
ately, with the fossil. Corvus cryptoleucus is also close to the fossil in length, but 
appears to be more slender. 

Although the bone from Oregon does not now stand apart from C. corax as a dis- 
tinct, smaller species, measurements on a large series of raven tarsi in the Rancho La 
Brea collection of the Los Angeles County Museum lend support to Shufeldt’s the- 
ory that the ravens of the Pleistocene tended to be smaller than those of today. The 
maximum and minimum lengths of 89 tarsometatarsi from the asphalt locality are 
69 and 58 mm. respectively, with a mean of 64 mm., whereas of only 1o Recent birds 
from California and Mexico, the maximum reaches 71 mm. (2 mm. greater than that 
of the Rancho La Brea series). The minimum of the 10 specimens is 60 mm., the 
mean 65 mm. Though the range is too close to warrant specific separation, there is 
a suggestion of a trend toward increase in size from Pleistocene to Recent time. 


Euphagus cyanocephalus (Wagler) 


The type material of Euphagus affinis (AMNH no. 3466, 6 specimens; Shufeldt, 
1892, pp. 418-419 and pl. 15, fig. 10) is now referred to the Brewer blackbird. Al- 
though the extinct form was described as of more slender proportions than the Re- 
cent species, A. H. Miller finds, in his series of modern skeletons now available, 
specimens which duplicate the fossils in size. The fossil coracoid, in fact, proves to 
be slightly larger than the average of Recent E. cyanocephalus, and the ulnae (3) 
are of about average size. The humeri (2), although notably slender, agree with 
the more slender modern specimens. 


Icteridae, spp. 


The remaining specimens of small passerines (AMNH no. 3709, and OSC nos. 
2500/95-99) represent at least two and possibly three additional species. Most of 
the bones are of blackbird, possibly including both Agelaius and Euphagus. One 
small ulna (OSC no. 2500/99) is of either a small blackbird (Agelaius) or a cow- 
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bird (Molothrus ater). A single tibial fragment of larger size (AMNH no. 3709) 
may be referred to either Sturnella or Xanthocephalus. 


List of Passerines 


Species No. specimens No. individuals 
COrRVUS ‘COPA® 0.48 sis asl 4 ee ee ors ee 1 1 
DUO NAGS CWAMOCTONAWSs oooc0cc0sd0000000000000000 3 
ING elaiUSiO fell) Up lal CU Seana ene 6 2 
MiGs ater Or ASIANS. .occc00ga000000000000000 1 1 
>MEMENC CSO MAINS Gr SmI, 5o000000000000000000000 1 1 
15 8 


List oF Birps FRoM Fossit LaKket 


(Extinct species starred) 


ist see ae Shufeldt istiak oe ened uN! _ __ ING. 
ones individuals 
Bechmep lions eee >.. Aechmophorus oc: *lucasin...-. 828 65 
Aechmophorus lucasi? 
Colymbus grisegena 
Colymbus auritus 
Colymlbtsenicnicollicheme ear Colyimbushaignicollisnemmeeaeete 67 14 
ACOhymml om PRIAVUS. oooccon000006 A COMAMIDUIS DATS. occccc0c000s ili 8) 
Podilymbus podiceps........... Podilymbus podiceps.......... 14 4 
*Podilymbus magnus 
ERhalacrocoraxemacroplsmnnrner J Phalacrocoraxgmacropussenmene Si i 
Rhalacrocoraxaunitusnaenn er 2 1 
Pelecanus erythrorhynchos?..... Pelecanus erythrorhynchos..... 2 1 
NACI, INSROGIAS. 600000000000000 ENERO, INSHOCIAS. 00000000000005 1 1 
*Ardea paloccidentalis 
BOtalnuss entiginOsushennenr ar Botaurus lentiginosus......... 6 4 
*Stork, Species ve. santos Aes 1 I 
*Phoenicopterus copei........... *Phoenicopterus copei.......... 18 4 
(Cyan IOWECIIAOP. cscocccc0sc0 CHANWS |OMCOMALOP, osc00900006 Sil 3 
Cygnus columbianus 
*Cygnus matthewi 
ACYSiNUS PAIOTEBOMUIS. scccoocccc *Sthenelides paloregonus....... 70 3 
[SyAWONEA, CAMAGIENESSs 500000000000 BRAM CAMAGIOMSIS. 6000000006 iD 1S) 
Brantasbegni clay BYAWOEA, ISTMNCIA,, 6000000000000 6 2 
SBrantasiy,Silloacceee eine Brantamhnypsiloatalg elie 1 1 
Goose, species (large)......... 6 2 
BHAI, (OCOOMNGWAL. occcccc0g00c “BAMA (DROWNGWA. > ccccovcccs 20 5 
ANDES? DN OVIROMGS.. oc 0000000000000 ENIDGOP DIUDVIROMS.s ooo 00000000008 16 5 
*Anser condoni 
CinGin INWFOSADOREA so 000000000000 CINE INF DEF DOREA.. coo 000000000 28 5 
Chen caerulescens 
Chenirossiivt, Ws eee eee 7 3 
*Anabernicula, species......... 32 7 
ENDAS AEA ANCNOSs 50000000006 INAS FO ENAVANVNOINOSs 6000000006 LS) + 
Anasiacuta noes eek eee (Arias, acutayte, 2 panier er Lal 4 


+Specimens which could be given only general classification are not indicated in this list. They are, however, 
included in the totals recorded in the discussion. 
{Probably a synonym of Chen hyperborea. 
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List oF Birps FROM Fossit LakE—Continued 


List according to Shufeldt 
(1913) 
AMAS CAROMMENS'S. oo00coo0bb00s 
Anas discors 


Spatularclypeataaenenee cece 
Aix sponsa 


Nyroca valisineria 
Nyroca marila 


Glaucionetta islandica 
Charitonettarallbeolann sae 
€langula hyemalis............. 
Histrionicus histrionicus 
Polysticta stelleri 


Erismatura jamaicensis......... 
Lophodytes cucullatus 
WMercusimengansenaeee renee er 
IMI@REWIS GAROP. co 000co 0000000 
Aquila tsod alice estos. atacncters creesscct 
“PAG WUIA, DINOBIRVDS.co000000000008 
AGCTUME, CINRAYEAEIOSs oo 00000000000 
Haliaeétus leucocephalus....... 
Cipreuls GYAMBWIS§s 0000000000006 


“IPSCNORGRHSS NWCA coco gc0cco000e 

“AP OGHOSCNTSS MAIMNS. 5 o000 4000006 
Tympanuchus pallidicinctus 
Pedioecetes phasianellus........ 
Centrocercus urophasianus...... 

“Palleorenno Gills soo ocdococcoc8c 

Fulica aoe 

ee eo 


ILOloivOES OWES. 6 od00000000008 
LAWS QRBAMCAWIS, 5000000000000 
“LAWS TOOUSEUS. oo écosdconos 566 


“LAWS OREGOMMS. .ococcceon seer 
Eanusspiiladelphiammmnrsnr een. 
Xema sabini 


Thalasseus elegans 
COUNGOMAS MBER... oocc00000c00e 


List as now amended 


ATASKCATOlINENSISHe Aenea: 


NDAS CVADO DUH. 0000000000000 
IMMTECA, AUMTNSRICAMNE,. 00009000006 
Spatularclypcata mei seein 


INKYROCA BUMS, coc oo cco0gccd0Ke 


Chairitonettarallbeolannanaraer 
Clameula, lsyem@lliS..oococeccccs 


Melanitta perspicillata........ 
Erismatura jamaicensis........ 


Mergus merganser............ 
IMI@REMS SERPBWOP. oo co occ0c0000c 
*Hypomorphnus ? sodalis....... 
“SOVASEUS DNOBAYOS. oo00000600 
ANG TUNE, ClUAVEAVEIOS. 000000000000 
Haliaeétus leucocephalus...... 
(CiirReWS GWAMOUS. oo000000000000 
Bl tall COROREONUS IIS Deere 
“| DeMnChrarayomns IMCS. 5000000050 
*Dendragapus nanus........... 


Pedioecetes phasianellus....... 
Centrocercus urophasianus..... 
Sealeotetrmixyoillite,. see secs < gua a 
Railing IiemnC@@lA, s6ocooacccoccc 


Himantopus mexicanus........ 
IL@OjOSS OMOBWUS. oocccc ooo 00 ce 
*Stercorarius shufeldti, n. sp.... 
“LAWS MOOWSTUSs o 00s 6506000000 


“ILAPUS CHABOMUS.s 5600600000006 
Larus PimllaGOON@. s5000000000 


(CIMICOMAS MIB. .coccccc00000 


No. 
bones 


20 


~y 


IQI 


No. 
individuals 


= 
= 


NO DR RP NY RK eK WY LO 


re ee W bo 


bo 
SS) 


DO Ee WR BP Re Re Re eR 


1 


§This species was omitted from Shufeldt’s list, though it had been previously recorded by Miller (1911). 
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List oF Birps FRoM Fossit Laxe—Continued 


List according to Shufeldt f No. No. 
(1913) List as now amended bones individuals 
IBUINO VNFAINAMUS 5 o000000000000 BUX WIRIMAINUIS>s occcoccc0000 2 1 
Colaptescatenst css suceyeaee 1 1 
ACOAVOS AUWEICIM. 50000000000 000 CoOrnviulstCoraxes crane ance one 1 1 
A] DUOOANSGUS QING oo00c000000000 Euphagus cyanocephalus...... 6 3" 
Sturnella or Xanthocephalus... 1 1 
Agelaiuisie tener a teria en eee ter: 6? 2? 
IMMMONMOWC OPUS QPP 5 o000000000000 1 1 


CONCLUSIONS 


The species represented in the deposits of Fossil Lake indicate an avifauna 
in general like that to be found living today about inland lakes of Oregon and 
California. Even the extinct forms show relationships which suggest adaptation 
to similar ecologic conditions. The large extinct cormorant, for example, was 
more closely allied to the inland-breeding Phalacrocorax auritus than to the 
strictly coastal forms. At first thought, the presence of a flamingo in Oregon 
seems incongruous. Flamingos thrive today, however, in zoological parks in 
temperate zones of North America, and may likely have had a more ‘extended 
natural distribution in the past. Although one of the American species, 
Phoenicopterus ruber, is a bird of the islands and seacoast, the Chilean and 
African species are at home about inland lakes and streams. The characters of 
the fossil species suggest closer relationship with the inland forms. 

The only species which seems entirely out of place is the large jaeger, Sterco- 
rarius shufeldti. Jaegers are not known to occur today within many miles of 
the locality, nor would members of this oceanic group be expected to visit this 
area except accidentally. As only one specimen occurs, the bird was possibly a 
straggler, uncommon to the region even in the Pleistocene. 

Incompletely ossified bones of young birds give evidence of the nesting of 
certain of the species on or near the shores of the lake. Outstanding among 
these are the extinct cormorant (Phalacrocorax macropus) and flamingo 
(Phoenicopterus copet), as well as the Lucas western grebe (Aechmophorus 
occidentalis lucast) and the lesser coot (Fulica americana minor). Young gull 
bones may represent both the extinct Larus oregonus and the California gull 
(Larus californicus). Additional young specimens belong to small grebe, tern, 
merganser, and ruddy duck, and other forms may be represented among the 
bones too incompletely formed to classify. 

Of the other Pleistocene assemblages of the west coast, only the first fauna 
described for McKittrick, California (Miller, 1925) approaches that of Fossil 
Lake in character. The similarity is not marked, however, for, as has been 
pointed out by Miller (zbzd., p. 310), the McKittrick site appears to have repre- 
sented an area of more restricted water, shallower as well as less extensive, with 
more muddy, or grassy borders. Whereas 91 per cent of the birds at Fossil Lake 
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were water birds, only 67 per cent were so associated in the McKittrick fauna. 
Divers, which were exceedingly abundant in the Oregon deposit, were limited 
to a few bones in the California assemblage, whereas the reverse is true of the 
storks, herons, cranes, and shore birds, which would be associated with SESS 
or muddy areas adjacent to the water. 

Another outstanding difference between the Oregon and the California 
deposits is the greater abundance of raptorial birds in the McKittrick beds. This 
cannot be considered an indication of greater numbers of raptors living in the 
McKittrick region, but is associated with the fact that the deposit, like those of 
Rancho La Brea and Carpinteria, was one of asphaltum, which, in the Pleisto- 
cene, acted as a trap for animals of all kinds and attracted numbers of predators 
to the region to prey on the luckless creatures thus ensnared. 

This method of accumulation of the large California Pleistocene assemblages 
makes difficult any exact correlation of age with the Fossil. Lake deposit. 
Criteria which have been used in comparing the asphalt localities with one 
another cannot be expected to give an accurate picture when applied to the 
Fossil Lake assemblage, which accumulated under normal lacustrine conditions. 
The number of individuals of extinct species in the Fossil Lake avifauna is but 
I5 per cent of the total number of individuals estimated for that assemblage. In 
the McKittrick deposit, where the extinct raptorial forms are represented in 
great abundance, the number of individuals of extinct species runs as high as 
27 per cent (DeMay, 1941, p. 58) of the total number of individuals,® and 
at Rancho La Brea, from 33 to 49 per cent of the individuals represent extinct 
forms (Howard and Miller, 1939, p. 44). 

Although normally a comparison of the relative abundance of individuals | 
representing extinct and Recent forms would seem to be more significant than 
a comparison of numbers of species alone, in this instance the latter comparison 
seems preferable. Though the superabundance of raptors in the asphalt deposits 
is reflected in the species count, it is less exaggerated than when dealing with 
individual specimens. Calculated on the basis of species count, the proportions 
are as shown in the table on page r94."° 

Making allowance for the difference in mode of accumulation, the evidence 
derived from the avifauna indicates that the Fossil Lake occurrence closely 


coincides with the Rancho La Brea deposits in age, but is slightly older than the 
McKittrick beds."* 


® For these percentages, the passerine bones, where present, are omitted from the total count. Be- 
cause of their small size, they have been overlooked in the excavation of some deposits, whereas in 
others special care was taken to preserve them. This has naturally resulted in a variability in totals 
not in keeping with actual occurrence. 

10 This method of correlation is open to criticism, especially in dealing with very late Pleistocene 
or early Recent deposits, where extinct species may have continued on, but with very scant numbers 
of individuals. Rancho La Brea pit 10 is a case in point, the proportion of extinct species being 19 
per cent, whereas a count of individuals shows only 5 per cent extinct (Howard and Miller, 1939, 
p- 44). 

11 For a complete discussion of the earlier views concerning the age of the Fossil Lake occur- 
rence, see Elftman (1931, p. 3). 
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Percentage of extinct 


Locality species relative to 
total number of species* 
McKittrick, (CI loc. WS 88 2 o. oar en ee eee ee 16.4 
MeKattrick UiGtfaunia sno ntl: Sop hs ee et ee co oe KO. 5 
McKittrick UC faunarsno: Zips. ee eee 22,0) 
Fossil Wake: 488i. itl ea rae ee ere eee DBS) .O% 
Rancho La. Brea: pit 3.20. m/he- asset ene ee eee PRSTSS) 
Rancho La, Brea, pit'4 s 0 2 Ae eee eerie 30). 2 


*See footnote 9. 
tMiller’s (1925, p. 312) previous estimate of 37 per cent was based on the older lists of avian species, which 
included several more extinct forms than are now recognized. 
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CarneciE Inst. WASHINGTON Pus. 551, Paper VIII—Howarp JPALANIIS Tt 


Fic. 1. Dendragapus nanus (Shufeldt). Type, right tarsometatarsus (AMNH no. 
3475). Anterior view. 

Fics. 2, 3. Falco oregonus, n. sp. Type carpometacarpus (UCMP no. 31779). 
Fig. 2, internal view; fig. 3, external view. 

Fic. 4. Dendragapus lucasi (Shufeldt). Left tarsometatarsus (AMNH no. 3476). 
Anterior view. 

Fics. 5, 6. Sthenelides paloregonus (Cope). Type tarsometatarsus (AMNH no. 
3552A). Fig. 5, posterior view; fig. 6, anterior view. 

Fic. 7. Stork, species. Pedal phalanx (UCMP no. 31769). 


Pleistocene, Fossil Lake, Oregon Natural size 


CarneciE Inst. WAsHINGTON Pus. 551, Paper VIII--Howarp PLATE 2 


Fics. 1, 2. Stercorarius shufeldti, n. sp. Type humerus (AMNH no. 3491). Fig. 1, 
anconal view; fig. 2, palmar view. 

Fig. 3. Goose, species (large). Coracoid (OSC no. 2500/44). Internal view. 

Fic. 4. Branta hypsibata (Cope)? Probable type tarsometatarsus (AMNH no. 
35398). Anterior view. 


Pleistocene, Fossil Lake, Oregon Natural size 
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